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INTRODUCTION 
While the natural range of the white base, Lepibema 
ohrygopfl (Rafinesque), presumably does not extend west of 
the Mississippi River drainage, the largest concentration 
of this fish in lov/a is in the Okoboji Lalce chain which 
drains into the Missouri River system. According to records 
in the Iov;a State Conservation Commission file, 100,000 
v/hite bass were stocked in the Okoboji Lake chain in 1898. 
Whether or not there v;ere white bass in Spirit Lalce before 
this stocking is not known, but it appears improbable. 
White bass have been taken from the lake as long as some 
of the older residents can remember, but the population 
has ranged from being one of the most abundant fish in the 
lake to what has appeared to be near extinction. Since 
1939 it has appeared prominently in the catch, and has 
presumably been of considerable influence in the ecology 
of the lalce. 
The study of the Spirit Lake white bass was started 
in 1942. The field work was completed in 1946. In addition 
to the material collected by the author, information on 22 
white bass was used from the 1941 collections of Max Davis* 
and Tom Moen. Dr. R. M. Bailey collected 31 specimens for 
the project between April and July, 1943. No collections 
^Killed in action, 1944. 
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were made In 1944. 
While very little had been published on the age and 
groxv'th of the v^hite bass previous to 1942, since that time 
this fish has received considerable attention. The most 
complete age and growth work published to date is Van 
Oosten's (1942) Lake Erie white bass study, using 3,868 
fish. Hile (1931) aged nine white bass from Indiana. 
Thompson (1937) aged ten fish from the Rock River in Illi­
nois. Hov/ell (1945), Eschmeyer (1944]t others have 
discussed quite extensively the white bass of Tennessee 
Valley Authority waters. Eddy and Oarlander (1939) aged 
69 fish from Minnesota lakes. The Upper Mississippi River 
Conservation Committee (1946) aged 120 ^ ^rhite bass from the 
Illinois-Missouri waters of the Mississippi River. Bailey 
and Harrison (1945) analyzed the stomach contents of 80 
Clear Lake, Iow§| white bass. Analyses of "several hundred 
scales" and other life history material were discussed 
briefly for Buckeye Lake, Ohio, by Roach (1943). An anony­
mous article (1939) in the Ohio Conservation Bulletin gives 
the age and length at capture of 560 white bass from San­
dusky Bay. Frey and Vike (1941) studied vjhite bass in tv/o 
Wisconsin lakes. 
The definition of the natural and present range of the 
white baaa given here is based on information from literature 
(Greene, 1935; Hubbs and Lagler, 1941; Van Oosten, 1942;) 
and from private communication (Aldrich, 1947; Buck, 1947; 
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Mosher, 1947; et al). The northern boundary of the range 
Is rather arbitrarily defined as follows: A line extending 
vrest from New Brunswick and the St. Lawrence River syBtera; 
through the Great Lakes, excluding Lake Superior which may 
possibly have small numbers near Duluth; no farther north 
in the St. Croix River than Taylor Falls; southwest to the 
southwestern corner of Minnesota. The western edge of the 
natural range extends south along a line from the Mississippi 
River system in Minnesota, through the Arkansas River and 
the Red River of eastern Oklahoma, and through eastern 
Texas. The present range, including the Okoboji Lake chain 
extends as far west, in the Red River, as Tillman County, 
Oklahoma. The eav^tern boundary of the range is described 
as extending southxirard, v;est of the mountains, to the 
Tennessee River system of Alabama and probably Georgia. 
White bass have been stocked in Big Sand Lake, Florida. 
The maximums in populations of white bass are found 
in the larger rivers and lakes. According to Van Oosten, 
the greatest concentration occurs in Lake Erie. Tremendous 
numbers of them have appeared in extensive impoundments 
such as the v/aters of the Tennessee Valley Authority, Lake 
Texoma, and others. 
Only the common names of fish are used in the text. 
The folloxiring list of scientific and common names (not a 
check list of fishes present) is according to the recommen­
dations of nomenclature of Dr. R. M. Bailey (Associate 
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Curator of Pishes, University of Michigan): 
?cl^ ntifi(? 
Leoiaosteug platostomus 
Rafineaque 
Lg-oiao^tf^ug Qggg.Ms g^ syur^ g 
Rafineaque 
Dorosoma cepedianum (LeSueur) 
Leuclohthys artedi (LeSueur) 
Ambloplltes rupestria 
(Rai'inesque) 
Megastomatobug ovprinella 
(Valenciennea) 
Oatostomug commeraonii com-
meraonil (Lacepede) 
Qyprinus oarpio Linnaeus 
^uratus (Rafineaque) 
Hyborh.vnchua no tat us 
(Rafineaque] 
Pimephales promelas promelas-
Plafineaque 
Ictalurua laoustria punctatus 
(Rafineaque) 
Ameiurus meiaa melas 
(Rafineaque; 
Ssox luciua Linnaeus 
Rocoua aaxatilia (Walbauin) 
Leoibema chrygopa (Rafinegque) 
Perca flaveaoen^ (Mitohill) 
Stizoatedlon vitrex;ufl vitreuro 
(Mitohill) 
Peroiaa oaprodea aemlfaaoiata 
(De^ yl 
Boleoaonia nigrum eulepia 
Hubba and G-reene 
Poeoillchthya exilia (Girard) 
Huro aalmoldea (Laoepede) 
Lepoinis ms.orochiruf=i macro-
ohirua Rafineaque 
Ponioxis annularis Rafineaque 
pQmpyjp, n;},gyff-tftfiQulatiAg 
(LeSueur) 
Aplodinotua grunniena 
Rafinesque 
Euoalia inconstana (Klrtland) 
Common 
Shortnose gar 
Northern longnoae gar 
Gizzard shad 
Cisco 
Northern Rock Basa 
Bigmouth buffalofish 
Common white sucker 
Carp 
Western golden ohiner 
Bluntnose minnow 
Northern fathead minnow 
Southern channel catfish 
Northern black bullhead 
Northern pike 
Striped bass 
\Vhlte bass 
Yellow perch 
V/alleye 
Northern logperch 
Scaly Johnny darter 
Iowa darter 
Largemouth base 
Common blueglll 
White orapple 
Black orapple 
Freshwater sheepahead 
Brook gtloklebaok 
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MATERIALS AND METHODS 
The study of the life history of the white "baas in 
Spirit Lake, Iowa, was .based on a total of 2,125 specimens. 
Since complete data v;ere not taken for all fish, diaorep-
ancies in the number of fish employed in different tabu­
lations occur. The numbers of fiah used in the major tabu­
lations were as follows; Standard length-scale ratio, 
1,142; analyses of stomach contents, 972; age composition 
of all samples taken, 2,125; standard length-weight rela­
tionship, 1,459; age and sex ratio of samples, 1,179. 
Collection of Samples 
The collection of the young-of-the-year Spirit Lake 
white bass was made largely vdth a 400-foot seine, equipped 
x^fith a 1/2 inch stretched-measure bag and with 3/4 inch 
at retched-measure wings. In 1942, young-of-the-year vihite 
bass were taken quite easily at night with a 10-foot Comraon 
Sense minnow seine, or with a dip net. The white bass, 
other than the young fish, v;ere taken by hook and line, by 
means of gill-nets, and with seines ranging in length from 
25 feet to 2,000 feet. The tvra types of gill-nets fished 
during the investigation were commercial nets similar to 
those commonly used by the local fishermen, and experimental 
gill-nets. 
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The meeh of the oomraerclal gill-nets ranged in stretohed-
raeasure size from three inches to six inches. The experi­
mental gill-net included the following six sizes of stretched 
mesh in inches; 1 1/2, 2, Z, 4, 5, and 6. Each section 
of experimental net was eight feet deep and 100 feet long. 
Generally three sections v?ere Joined and used as one net. 
The mesh of the seines ranged in size from 3/4 inches to 
eight inches stretched-measure. Gear having a mesh larger 
than seven inches was quite ineffective in taking even the 
largest v;hite bass. The most efficient size of gill-net 
for taking adult white bass in 1945 and 1946 was the four-
inch and the five-inch mesh. No young-of-the-year white 
baas vrere taken in gill-nets, despite the fact that they 
could have easily been gilled in the smaller sizes of mesh 
of the experimental nets. All gill-net gets were on the 
bottom. The nets were run perpendicular to shore in all 
open-water seta. The distance from the shallow-water end 
of the net to shore varied from a feet to 400 yards. 
Several direct observations in 1942 showed that schools 
of yo\mg-of-the-year white bass swam up to the net and then 
turned and traveled parallel to it until they were in the 
clear. The I-year group, on several occasions, exhibited 
the same general behavior except that the last few fish of 
the school were frequently caught because they turned back 
before completely rounding the end of the net. 
All seine collections, using gear more than 25 feet in 
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length, were taken between the hours of 9:00 A.M. and 4:00 
P.M. Since a relatively small number of the larger fish 
in Spirit Lake frequent the littoral zone during these 
hours, very few white bass older than one year iifere taken 
vd.th seining equipment. i,Vhile sizeable sections of the lake 
were fished during rough-fish removal operations, the large 
size of the mesh generally permitted ready escape of all 
sizes of white bass. The hook and line catches formed an 
unimportant part of the catches except in 1941 and 1942. 
A large percentage of the white bass, other than the young-
of-the-year, were taken in gill-nets set at night. The 
range in the size of the mesh employed made it possible to 
take all age groups. 
Records for Individual Specimens 
Scale samples were taken from an area on the right 
side, Just below the lateral line and even with the spinous 
dorsal. The scales were stored in envelopes with the fol­
lowing information recorded on them: Serial number, col­
lection number (which included the year), place of collec­
tion, date, gear, length, v;eight, state of maturity, sex, 
and v;hether or not the stomach contents were retained for 
analysis. Scale samples were taken from only enough young-
of-the-year white bass to represent their size group when 
establishing body-scale relationship. Key scales were not 
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taken, but each scale employed In calculating growth vjas 
also used in determining the body-scale ratio. 
The standard length was measured from the tip of the 
snout, vfith the mouth closed, to the crease formed by flex­
ing the tail. It was determined by diaaection that there 
v;as little or no overlap betvjeen the median caudal rays 
and the modified projections of the posterior vertebrae. 
The standard length was, therefore, considered to be at 
the anterior portion of the median caudal rays. 
The total length was obtained by moving the two lobes 
of the tail in an arc until the maximum reading was obtained. 
Both the standard and the total length vjere taken for all 
t 
fish used in age and growth studies; in addition to this 
the fork length vra,s recorded for all except ten of the fish 
taken a,uring 1946. All length measurements ^ ^^ere made from 
a measuring board, tvith the aid of a long-bladed knife, to 
the neerest millimeter. 
The fish weighing more than 75 grams were weighed on 
a Chatillon circular spring balance scale vd.th a 15-pound 
capacity and calibrated by one-half ounce intervals. 
V/eights were estimated to the nearest one-fourth ounce. 
The young fish v/ere weighed on a weight "balance scale accur­
ate to the tenth of a gram. 
\flilte bass ranging upward from 92 millimeters in total 
length vmre s . ,ced v/ith confidence; those below 47 milli­
meters in total length vrere Judged too difficult to sex. 
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Under magnification the individual bodies in the female 
gonads v;ere regular, slightly oval. The male gonads con­
tained much smaller quite irregular bodies. If the fish 
;^ere opened carefully, the female organs were larger than 
those of comparable sized males, more nearly round and 
with a tendency to be soft. Male organs v/ere more ribbon 
shaped and sometimes with a slight ridge on the ventral 
side. The male organs were smaller and more firm than 
those of the females. Vlhlle the larger young-of-the-
year x</hlte bass could be sexed, tabulations on sex ratios 
of this group are not given here. 
The maturity of each fish was recorded as either Juve­
nile, aub-adult, or adult. The fish with sex organs par­
tially developed and which x^rould apparently be mature 
enough to spawn the following breeding season were desig­
nated sub-adult fish. 
Preparation and Examination of Scale Samples 
The scales were soaked in water and cleaned by rubbing 
them between the thumb and forefinger. Four scales from 
each fish were mounted on microscope slides in the glycerin-
gelatin recommended by Van Oosten (1929). Two scales were 
mounted on each slide on which v;as recorded the proper 
serial number and collection number. The scales were ex­
amined at a magnification of X27.0 with the aid of the 
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microproJector described by Van Oosten, Deaaon and Jobes 
(1934). 
Post-Preservation Changes 
It was noted by Hlle (1941) and others, that the length 
of a fish was decreased by preservation. Preliminary exper­
iments in this study indicated that factors following death, 
probably contraction of the intervertebral disks, as well 
as the effects of preservation, caused a decrease In the 
length of the fish. Since the lengths of many of the adult 
fish v/ere measured after the effects following death had 
taken place, no correction was made for the probable change 
in length. A total of 214 of the age 0-group and 70 of 
the I-year old white bass were weighed and measured immed­
iately after death, reweighed, remeasured and after four 
weeks In formalin, and then again weighed and measured four 
weeks after being changed to alcohol. The weight correction 
factor determined was .947 for formalin preserved specimens 
and 1.147 for specimens in alcohol. The difference between 
the factors for the 0-group and the I~year group did.not 
differ significantly. 
Determination of Age 
The determination of the age of white bass from scale 
examlnationa has been based on counting the number of 
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annul!, or as Hile (1941) describes them "lines of dis­
continuity betv/een the grov;th areas of successive yeai's". 
Fish in the first year of life do not have annull, and v;ill 
be designated hereafter as the 0-group. The ooraraon practice 
is to record the number of annull present which represents 
the completed years of life in Roman numerals. As an ex­
ample, the white bass which were spavmed in 1941 had one 
annulus in July of 1942. This indicates that they were in 
their second year of life. 
Validity of the Annulus as a Year Mark 
The fact that the 1941 year-claas of white bass domin­
ated the population and could be followed through the entire 
period of this study, seems to be the best possible evidence 
of the validity of the annulus as a year mark. For example: 
In 1942 the samples were predominately I-year old fish. 
In 1945 collections were largely IV-year old (1941 year-
class) fish; and again in 1946, the 1941 year-class out­
numbered all other year-classes combined. Hile (1941) con­
siders the persistent abundance or scarcity of a year-olass 
to be possibly the most convincing evidence for the inter^-
pretatlon of the annulus as a year mark. 
There v;as a definite correlation betvreen the size of 
the white bass and the number of annull present. The young-
of-the~year and the one-year old fish could be placed in 
the proper age group v;ith almost certainty on the basis of 
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length alone. While older Spirit Lslce vrhite bass in the 
same age group had similar lengths (Tables 10 and 11)i 
they could not be placed in the proper age group on the 
basis of length alone. 
Food Analysis 
The dietary habits of the white bass were studied by 
means of an analysis of the stomach contents of fish repre­
sentative of every aga and almost every size group. Or-
gauiams contained in each stomach were identified to genera 
or species if possible, and the volume of each species (or 
unit) in an individual stomach was measured volumetrically 
by displacement. The results of each analysis were recorded 
by volume and by occurrence. In analyzing the 1942 white 
basa stomachs, the number of individual animals in each 
stomach was counted, or in the case of the very abundant 
Entomostraca partially counted and then estimated. A 
table con^aring the percentage of the total number of each 
organism in individual stomachs, with the percentage of 
the total volume of each organism in individual stomachs, 
revealed little or no correlation. As an example: In a 
stomach containing several Entomostraca and one three-
inch fish, the Entomostraca appeared as the most important 
and the fish as the least Important item when tabulated 
numerically, while the opposite was true when the organisma 
- 13 -
were listed volumetrically. Since the total volume of the 
foocl removed from a lake by an individual fish, appears to 
be one of the prime considerations involved in fisheries 
management, the data on stomach contents were presented 
volumetrically rather than numerically. The information 
is also presented on the basis of frequency of occurrence 
of identified units. The presentation by percentage of 
total volume and percentage of frequency of occurrence is 
believed to give the best over-all picture of the effects 
of the dietary habits of the white bass as related to the 
animals preyed upon and to the other animals effected by 
this predator pressure. This is particularly true when 
the occurrence method is treated progressively. The in­
testines were not examined, and no attempt was made to 
evaluate the relative fvCLlness of individual stomachs. 
Stomach contents and stomach walls were examined macrosoop-
ically for parasites. None was found. 
Stomachs were removed intact from the body cavity, 
and unless immediately analyzed, they were placed in cheese 
cloth gaclca and stored in 10 per cent formalin. The con­
tainers were numbered either on the outside of the bag it­
self xirith India ink, or by placing the serial number of the 
fish'on a piece of paper inside with the stomach contents. 
Later the storage technique was speeded up by rolling the 
stomachs in a "rag doll" similar to the one used in test­
ing seed corn germination. 
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Marking Fish. 
Marking with the strap tag and by fin clipping were 
the only methods used to identify previously captured fish. 
In order to establish the validity of the tagging method 
used on white bass in Spirit Lake, an experiment was con­
ducted in the 1.15 surface acre "filter" pond (3.46 acre-
feet) at the State Fish Hatchery near Orleans. 
On August 29, 1942, 200 I-year v;hite bass, ranging in 
total length from 200 to 267 mllliraetera were released in 
the pond. These fish were divided into four groups and 
handled as follov;s: 50 were tagged in the left premaxillary, 
and the left pelvic fin was clipped; 50 were tagged in the 
right mandible, and the right pelvic fin was clipped; 50 
were tagged in the right opercle Just below the median 
line, and the right pectoral fin vras clipped; 50 were re­
leased unmarked. 
Although the experiment was not completed, it was 
quite evident that the white bass would not hold either the 
premaxlllary or the opercle tag for any appreciable length 
of time. 
Subsequent marking operations employing the strap tag, 
used this tag only in the lower jav;. Later examinations 
revealed nothing more than minor irritation around the tag. 
However, no fish were recaptured that had been tagged longer 
than 42 days. 
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Two oellulold disks* one red and one white, have been 
used with conaiderahle success in marking the striped bass 
along the west coast of the United States (Clark, 1934, ^  
al). The tags wei'e put on with a rust-proof pin, between the 
tvjo dorsal fins about one-fourth of an inch below the ridge 
of the back. 
The technique used in the present study in tagging a 
fish was as follows: The man who was to hold the fish 
reached into the net or container with the left hand and 
grasped a fish across the nape of the neck so that the 
fingers of the glove (all fish were handled with the aid 
of cotton gloves) v;ould catch in the area of the preopercle; 
the fish was then given a 180 degree turn, bringing it 
belly up with the head pointing toward the man doing the 
tagging. The right hand xms used to grasp the fish slightly 
forward of the anal region. The man doing the tagging held 
the fish's mouth open with the left hand x\rhile the tag %i;as 
secured in place vjith the right hand. Tags were mounted 
in order by pushing the longer arms of the tag through a 
piece of paper, and then placing this sheet of tags between 
two boards, the upper one being slit to receive the tags. 
This method minimized the fumbling caused by cold hands 
and the tossing of the boat. 
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Special Techniques and Equipment 
It was found that male white bass could be distinguished 
from the females by the presence, in the females only, of 
a third opening, just posterior to the urogenital pore 
(Figure l). This inlet led into a small apparently blind 
sac. In addition to this, during the breeding season, the 
papilla-like fringe around the anterior edge of the urogeni­
tal opening was much more pronounced in females than in 
males. 
In order to widen the field of inquiry, a shallow-
water diving rig (Sigler and Moen, 1947) was developed to 
carry on underwater observations. Although this piece of 
equipment was acquired too late in the study to use exten­
sively, it is believed that it has possibilities that war­
rant considerable further attention. 
A special designed instrument, essentially a modified 
"Navy Type" sextant^*, was used to map aquatic vegetation 
to scale. The use of three land marks (tv/o shots) for each 
station eliminated the possible effect of "swing". Points 
were plotted on the chart with the aid of a three-arm pro­
tractor. 
••••Designed and built by I. A. Coleman of the College Instru­
ment Shop, Iowa State College. 
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Figure 1 
Photograph and diagrammatic drawing illustrating the method 
of differentiating betv/een the sexes of white bass by exter­
nal obserV-ation. Only the females have a third opening, 
Just posterior to the urogenital pore. 
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M0RPH0METB2C AND ENVIRONMENT OF THE LAKE 
Lake Hydrography 
Spirit Lake, a rich eutrophlo lake located in Spirit 
Lake Tovmship in Dickinson County, includes all or part of 
sections 8, 9, 10, 11, 14, 15, 16, 17, 20, 21, 22, 23, 27, 
28, and 29. The lake is an inverted "L" in shape, with the 
horizontal arm extending east from the north end of the 
vertical arm (Figure 2). The north-south axis is four 
miles long and the east-west axis is slightly less than 
three and five-tenths miles long. The Spirit Lake water­
shed lies largely to the north in Jackson County, Minnesota. 
According to a map of Spirit Lake published by the Iov;a 
State Highway Commission (1917), the maximum depth tabulated 
in 1916 v;as 27 feet. In 1946, no depth exceeding 23 feet 
was recorded when the lake was at the outlet level stage 
(U. 3. Geological Survey gage reading 14.2). All depths 
given are equivalent to the water level elevation at the 
outlet level stage (Figure 3). The area of water exceeding 
twenty feet in depth is estimated at 26 per cent of the 
» 
total 5,684 acres covered by Spirit Lake. The area between 
the eight-foot depth contour and shore is designated as the 
littoral zone, and is estimated to not exceed five per 
cent of the total acreage in the main body of Spirit Lake. 
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FiGure 2 
Aeirlal photograph of Spirit Lake, 
Taken Juhrj ll>o9. North at top. 
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Figure 3 
Kydrographic map of 
Spirit Lake. North at top. 
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The north-south arm of Spirit Lake Ib at present shallower 
than was indicated, by the Iowa Highway Oommlsaion map, 
but the east bay area is from tv;o to four feet deeper than 
the readings given for 1916. During periods of high viater, 
the outlet of Spirit Lake flows into East Okobojl and on 
through the Okobojl Lake chain into the Little Sioux Elver. 
The U. S. Geological Survey has kept a continuous and 
systematic record of the Spirit Lake v;ater level eleva­
tions since 1933, and has compiled, from all available 
sources, data on the water level elevations of the lake 
and rainfall records for the district since 1873 (Schmickle, 
1946; and U. S. Geological Survey, 1946). Since late 1934 
and again in November, 1935, when the lake level elevation 
dropped to the recorded low of 1,394 feet above mean sea 
level (presumed maximum lake depth of 16 feet), the water 
had risen a total of 8.7 feet by June, 1945. The present 
concrete outlet installed by the Iowa State Conservation 
Oommission has an elevation of 1401.45 feet above sea 
level. The lake was presumably as low in 1897 and 1898 
as it v;as in 1935. The periods of high water were 1882-86, 
1908, 1917, and 1943 to the present. The low water periods 
were 1897-98 and 1934-35, a span of 37 years between periods, 
if the moderate low of 1913 is not considered. I'ftiile the 
water level elevations appear to be non-cyclic, it is inter­
esting to note that folloyring the two periods of low vmter. 
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the time required to reach peak elevations v;as in one case 
ten years and in the other case nine. 
Climate 
While Dickinson County is located in the northern tier 
of counties in the Northwest District, the climate differs 
only slightly from the District average. The U. S. VJeather 
Bureau (1946) gives 148 days as the normal growing season, 
and May 8 and October 3 as the normal dates of the last and 
first killing frosts respectively, for the Northwest Dis­
trict. The state average precipitation of 31.52 Inches is 
slightly above the Northwest District normal of 28.40 inches. 
The normal temperature of the Northwest District is 46.6 
degrees, as compared 48.1, the 73-year mean for the state. 
Temperature and precipitation normals are baaed on 45-year 
normals computed in 1944. The direction of prevailing 
winds for 1945 at Milford, the nearest U. S. VJeather Bureau 
station, is listed as varied. 
Geology and Topography 
The topography of the Spirit Lake region is remarkably 
varied for a prairie district. The area around the lakes 
is frequently referred to as "Knobby Drift", wiiich according 
to Hershey (1946), suggests a topography of sharply defined 
hills capped uith sand and gravel, or composed entirely of 
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this material. These hills, known as kamee, are features 
of the Wisconsin glaoiation. Beneath the Wisconsin drift 
lies blue clay and, beneath that, sand and gravel. Hershey 
believes that the entire thickness of the drift and Pleisto­
cene sands and gravels probably varies greatly but may be 
expected to be at least 260 feet thick in the vicinity of 
the Okobojl Lake chain. The Wlaconsln drift apparently 
covers all of the 70,000 acres of the Spirit Lake v;atei>-
shed, and is responsible for the rich black loam peculiar 
to that drift. 
According to Macbride (1900), geologically speaking. 
Spirit Lake is relatively young, although Clementb and 
Shelford (1939) believe many of the smaller •Wisconsin laJtes 
are early stages of land seres. The youthful condition of 
Spirit Lake is indicated, however, by the large percentage 
of submergent aquatio plants. Macbride feels that the form 
and condition of the present outlet would indicate that 
the lake has never been much deeper than at present. 
Macbride also believes that the lake level Is dependent 
entirely on rainfall, but Glenn Powers, Engineer of the 
Iov;a State Conservation Commission, stated in 1945 that 
he had seen the lake rise as much as six inches at a time 
when there had been no rain for several days previous and 
the main Inlet to Spirit Lake, from Loon Lake, Minnesota, 
was apparently not flowing. 
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Botanical and Ohemloal Aspects 
A preliminary survey of the plants of Spirit Lake, 
carried on in conjunction >rf.th the study of the life history 
of the white hass was made in 1946. While the white baas 
of Spirit Lake apparently do not feed on plant material, 
the aquatic flora of the lake, nevertheless, has a direct 
effect on their ecology. 
The main body of Spirit LaJce is dominated by submergent 
plants, v;hich represent the early stage in the hydrosere 
succession.. Of these plants during 1946 Potamogeton richard-
sonii was the dominant species. The second stage of BUC-
cesslon, represented by the floating-leaved (partly submer­
gent) plants, was found in the sloughs arounr3. and attached 
to Spirit Lake, and was represented by Potamogeton natans 
and Polygonum natans. The reedswamp vras represented by the 
quite abundant Scirpus acutus in the lake proper, and by 
Scirpus fluviatilis in Hale's Slough, the water of which is 
uniformly three and one-half feet in depth. 
The plants collected from Spirit Lake beloxir the marked 
high-water line are listed in Figure 4. The more complete 
list of Spirit Lake plants (not recorded here) varied only 
slightly from the plants recorded for Clay and Palo Alto 
Counties (Hayden 1943). Specimens recorded have been filed 
in the herbarium of Iowa State College. All of the col­
lections were made by the writer, and by the writer and Dr. 
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Ada Hayden from June 1 to September 15, 1945. 
Identifications of plants were made by the use of var­
ious manuals, monographs and floras. The names are based 
on the seventh edition of Gray's manual, supplemented by 
revisions and corrections embodied in subsequent literature. 
The international code of nomenclature is followed. 
In the determination and verification, aaaistance was 
received from Dr. Ada Hayden. Specimens of Potamogeton 
illinoensis. P. no do sua. £. richardsonil. and P.. natans from 
the collection were verified by Dr. E. C. Ogden, Assistant 
Professor of Botany, University of Maine, Orono, Maine. 
Two chemical analyses of Spirit Lake water, the first 
taken August 22, 1934, and the second taken April 10, 1947, 
by the State Hygienic Laboratories v/ere made available 
through the courtesy of A. H. VJieters, Director, Division 
of Public Health Snglneering, State Department of Health. 
Since one of these samples was taken at a period of extremely 
low water, and the other at a time when the water was high, 
some of the effects of water-level fluctuations on the chem­
istry of the lake might be indicated. It should be pointed 
out, however, that other factors, such as temperature and 
time of year, are involved. The figures in parentheses 
represent the 1947 sample. The results of the samples 
were as follows: Insoluble material, 29 (11.5); phenol-
phthalein alkalinity, 26 (not te,sted); methyl-orange alka­
linity, 222 (198) parts per million. The pH was 8.4 (8.1). 
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Calculated hardness as oalciura carbonate was 260 (267) 
parts per million. The positive ions were present in the 
following amounts, in parts per million; Alkalies as sodium, 
23.8 (12.3); calcium, 25.9 (42.4); magnesium,47.5 (39.0); 
iron 0.15 (0.45); manganese, 0.20 (none); aluminum, 0.8 (not 
recorded). The negative ions tested: Nitrogen as nitrate, 
none (0.7); fluorine, 1.0 (0.3); chlorine, 7.0 (9.0); 
sulphate, 55.4 (75.3); bicarbonate, 207.4 (241.56); carbonate, 
31.2 (none). The total solids was 376 (315). 
In writing of the hard v/ater flora of Minnesota, Moyle 
(1945) states that this large and varied group of plants 
is typical of waters with a total alkalinity of 90 to 250 
parts per million, with a sulphate ion concentration of 
less than 50 parts per million, and with a summer pH of 
8.0 to 8.8. Moyle found a wide difference in tolerance 
for many species; some hard water species ranged into v/atera 
with concentrations of the sulphate ion as high as 300 parts 
per million. This concentration, however, seemed to be the 
upper limit of tolerations for nearly all hard water species. 
The sulphate ion appeared to be more effective in limiting 
distribution than the concentration of carbonate salts. 
The typical marginal zone of hard water plants for Minnesota 
is almost identical v/ith those found in the littoral zone 
of Spirit Lake proper. 
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RELATIVE ABUNDANCE OF SPECIES OF FISHES 
I'Jhen there Is a lack of an estimate of the absolute 
number of each species of fish In a body of water, an 
appraisal of their relative abundance can be of oonelclerable 
value. The Judgment concerning the numerical Importance 
of the Spirit Lake fish was attained by evaluating informa­
tion from the follovring sources: Rough-fish catches; gill-
netting; test-seining; hook and line fishing; number of dead 
fish counted on a section of beach. 
The rough fish removal operations, in addition to 
taking a small number of the larger game fish, offered the 
only criterion for evaluating the extent of the non-game 
food fish (Table l). 
The primary purpose of gill-netting was to obtain life 
history material for the white bass study. The nets v/ere 
consequently generally set in a place and manner best cal­
culated to take white bass. This procedure presumably 
resulted in an apparently higher relative abundance of the 
v/hlte bass than actually existed. Techniques for fishing 
white bass in 1946 v;ere developed to a point where this was 
especially true. It was less true in 1945. In 1942, the 
nets v/ere set with no particular regard as to the type of 
habitat. 
Table 1 
Data on the catch of buffalofish, carp, sheepshead and undetermined non-game food fish 
from Spirit Lake, from 1911 to 1944.* The removal efforts varied widely from year to 
year. (Data provided by E. B. Speaker.) 
Year Buffalofish : Carp ; Sheepshead : Undetermined t Total 
Pounds : Poimds : Pounds ; Pounds : Pounds 
Pounds per acre:Pounds per acre:Pounds per acre:Pounds per acretPounds per acre 
1911 90,000 15.83 90,000 15.83 
1913 80,956 14.24 80,956 14.24 
1914 41,750 7.35 41,750 7.35 
1915 40,000 7.04 40,000 7.04 
1917 75,000 13.20 25,000 4.40 100,000 17.60 
1920 8,179 1.44 8,179 1.44 
1925 171,896 30.24 171,896 30.24 
1926 60,309 10.61 60,309 10.61 
1927 35,470 6.24 35,470 6.24 
1936 7,220 1.27 7,220 1-27 
1938 1,997 .35 20,890 3.68 22,887 4.03 
1939 28, 243 4.97 86,794 15.27 24,960 4. 39 1,770 .31 141,767 24.94 
1940 28,677 5.05 87, 811 15.45 35,282 6. 21 3,000 .53 154,770 27.22 
1941 11,208 1.97 71,178 12.52 59,287 10. 43 2,046 .36 143,719 25.28 
1942 45,812 8.06 30,771 5.41 7,127 1. 25 4,513 .79 88,223 15.52 
1943 276 .05 3,832 .67 21,138 3. 72 1,010 .18 26,256 4.62 
1944 985 .17 4,212 .74 22,842 4. 02 40 .01 28,079 4.94 
Total 444,904 78. 28 337,708 59.41 170,636 30. 02 288,233 50.71 1,241,481 218.41 
* Fish were taken, but the records are not available, for the years 1916 and 1918. 
Presumably there was no fishing effort for the other years which are omitted be­
tween 1911 and 1944. 
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Experimental glll-nets were used almost exclusively in 
1942 and 1943 (Tables 2 and 5). In 1945 and 1946, as a gen­
eral rule, a 100-foot section of experimental net v/as spliced 
to the end of, or between, either one or two 200-foot seo-
tiona of four-inoh or five-inch meeh net (Tables 3 and 4). 
The same length-classes of vAilte bass were taken in both the 
experimental gill-nets and the oommercial nets. It v/as con­
cluded from this that either the four-inoh or the five-inch 
stretched-mesh nets was capable of ta3s:lng any of the lengths, 
except the 0-group, in both the 1945 and the 1946 white bass 
population. Adult ^ iiite bass v/ere taken in 1945 and 1946 
in gill-nets ranging in stretched-measure size of from three-
inches to seven-inches. Vulnerability to such a wide range 
of gill-net mesh was due to the fact that they were often 
ensnarled by the preopercle, or the opercle or the premaxll-
lary, as v;ell as around the body. 
Seining operations by the Iowa State Conservation Oom-
misslon, ordinarily using a 400-foot length of net, was des­
ignated by the Commission as "test-seining". The area covered 
for each attempt was roughly two-acres. The distance the net 
v/as laid out from shore rarely exceeded 250 feet. Test-seining 
was the only operation in use at the time which offered a 
method of evaluating the ourrent reproduction and the relative 
numbers of other small fish. Observations of test-seining 
catches vrere made at Irregular Intervals from late July until 
November in 1942, 1945, and 1946. As a general rule, a large 
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Tatole 2 
Pish taken per 100 feet of e::iq)erimental gill net per hour, 
from open water sets in 1942. All collections, vfith the 
exception of those ta3cen in the month of November were 
made between the hours of 6:00 P.M. and IjOO A.M. 
July July Sept. Nov. Nov. Nov. 
25 27 9 4 6 18 Ave. 
LeT.)isosteug osseus 
oxyuruQ .074 .012 
Oatostomus o. 
oommersonnii . 266 .044 
Gyprinua carpio .833 .148 .800 .297 
Araelurus m. raeias .420 .148 1.066 .272 
Es07.c lucius .148 .133 .088 .061 
Lepibeina ohrysopa 1.083 .222 3.600 .074 .088 .019 .848 
Peroa flavescens .750 .666 .266 .370 .022 .666 .457 
Stizostedion v. 
vitreum .250 . 370 1.600 .055 .111 .398 
PomoxiB nlKro-
maculatua .133 .022 
Aplodinotus 
Krunniens .083 .074 .933 .182 
Total 5.419 1.050 8.797 .499 .309 .685 2.593 
Table 3 
Pish taken per 100 feet of experimental gill net per hour, from open water 
sets in 1945. All collections, vjith the exception of those taken in 
the month of November 7;ere made between the hours of 6:00 P.M. 
and 1:00 A.M. 
July Aug. Aug. Aug. Aug. Nov. Hov. 
31 6 14 16 18 2 5 Ave. 
Lepisoeteus platostomus 
Lepisosteus osseus oxyurus .266 .038  ^
Gatostomus commersonnii 
Cyprinus carpio 
Ameiurus m. melas 
Esox lucius 
Lspibema chiy sopg 
Feroa flavescens 
Stizostedion v, vitreum 
Foffioxis nigro-maoulatus 
.133 .242 
.121 
.300 .168 
.017 
.333 .333 .024 .099 
.143 .133 1. 266 .485 5.333 .016 .190 1.081 
.200 .066 .032 .048 .049 
3.571 1.133 1.333 3.666 1.666 .005 1.482 
1.714 1.333 1.576 .266 .081 .024 .712 
.533 .363 .032 .024 .136 
.066 .009 
Total 5.428 1.998 4.854 5.444 8.331 .166 .310 3.791 
Table 4 
Pish taken per 100 feet of experimental gill per hour, from open water sets 
in 1946. All collections, with the exception of those taken in the 
month of November were made between the ^ urs of 6:00 P.M. 
and 1;00 A.M. 
April April May May May July Sept. Oct. Nov. 
27 28 1 6 20 16 20 31 1 Ave. 
Leioisosteus osseus 
oxyurus 1.000 .111 
Cyprinus caroio .364 .090 
Ameiurus m. melas 1.000 5.200 4.000 1.555 4.000 2.000 3.500 2.362 
Ictalurus lacustris 
Tjunctatus .132 , . .021 
Ssox lucius .500 .056 
Lepibema chrvsong .333 .400 .222-•2.500 .666 3.500 .847 
Perca flavescens 3.500 3.800 1.454 .666 .250 .333 .545 .273 1.202 
Stizostedion v .  
vitreum .200 .182 3.500 .090 .441 
Aplodinotus grunniens .182 .500 .076 
Total 4.835 9.600 6.364 2.443 6.750 2.992 22.500 .635 .273 
Table 5 
Fish taken per seven-day period, from Spirit Lake, starting January 28, 
1943. Sets made under the ice with 300 feet 
of e3q)erimental gill-net. 
Jan. Feb. Feb. Feb. Feb. Mar. Mar. Total 
28 4 11 18 25 4 11 
Lexsisosteus tilatostomus 1 1 2 
Lepisosteus osseus oxyurus 1 2 1 4 
Catostomus c. commersonnii 2 8 6 24 40 
Gyprinus caruio 19 5 3 7 1 35 
Ameiurus m. melas 1 9 3 71 72 14 145 315 
Esox lucius 2 7 26 6 8 49 
LetJibema chi^soiDS 15 14 8 1 7 2 47 
Perca flavescens 119 56 15 87 233 142 103 755 
Stizostedion v. vitreum 2 4 5 12 1 4 4 32 
Huro salmoides 1 2 3 
Lepomis m. maarochirus 1 1 
Pornoxis nigro-maculatus 2 2 
Ardodinotus erunniens 2 2 
Total 141 107 31 186 348 187 287 1287 
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percentage of each catch was young pan fish. In each of the 
three years, yellow perch vrere the most abundant small fish, 
with the black crapple and the bluegill following In that 
order. The species of Cyprlnldae were talten infrequently and 
only in small numbers. The bluntnose minnow and the fathead 
minnow were taken more often and in greater numbers than any 
other minnovr. Young carp were recorded from only one seine-
haul. The white bass v/ere the most abundant game fish in 
1942. In 1946 the young largemouth bass v;ere the most abun­
dant game fish. The young of sheepshead appeared in 1942 and 
1945 but not in 1946. While the number of Johnny darters v;as 
never large, these little fish were captured at almost every 
station. Log perch v;ere taken infrequently. Young vmlleyes 
were rare in, or absent from, all catches. Young-of-the-
year black bullheads were rarely captured. Obviously, the 
species of fish normally frequenting a type of habitat other 
than that sampled, are not fairly represented. Included in 
this latter class, in the Spirit Lake areas tested were black 
bullhead, northern pike, carp, and a number of other less 
abundant species. Nevertheless, the estimates of the relative 
abundance of fish populations can be of considerable value 
if the limitations of the system are recognized. 
A limited amount of information from hook and line fish­
ing was gained by personal experience and by observation of 
the efforts of other fishermen. The two species of Spirit 
Lake fish taken in the greatest numbers, during 1942, 1945, 
- 36 -
and 1946 were the black bullheads and the yellow perch. In 
1942, the white bass was easily the most abundant game fish 
in the creel, and It possibly compared favorably in numbers 
taken with the bullheads and the paroh. In late July of 1942, 
most of the 1S41 year-class had reached legal size (total 
length, seven-inches) and accounted for a large part of the 
v/hite "bass catch. 
The walleye was undoubtedly the most prized of the Spirit 
Lake fish. Vfliile the walleye population was much smaller 
than that of several other species, experienced fishermen 
probably spent more hours fishing for them than for any other 
game fish. Walleye fishing was typically good in the spring, 
poor during the v;arm weather monthy, and favorable again in 
the fall. 
The largemouth base vra.s taken vjith a relatively high 
degree of success in 1945 and again in 1946. 
While northern pike v;ere taken quite often, they apparently 
never became common enough to be the primary objective of 
many fishing trips. 
Even though the young-of-the-year of bluegills and black 
crappies (v/hite crappies were very rare) were among the most 
numerous of the 0-group fish, adults of either species were 
taken infrequently. 
An indication of the relative mortality of Spirit Lake 
fish dying from causes which left the carcass more or less 
intact is given in Tables 6 and 7, Two species, the black 
Table 6 
Number and percentage of each species of dead fish counted 
on a 1000-yard section of Crandal's Beach, 
sections 8 and 9, Spirit Lake, in 1942. 
Percentage 
July Aug. Sept. Oct. 1942 of 1942 
total 
LeTJisosteus r>latostomus 1 1 2 .42 
Mesiastomatobus cytirinslla 1 1 .21 
Cyprinus caroio 2 2 .42 
Ameiurus m. melas 123 65 9 3 200 41.84 
Ssox lucius 1 1 . .21 
Lepibema chr.vsoDs 2 6 1 9 1.88 
Perca flavescens 118 106 3 2 234 48.95 
Stizostedion v. vitreum 1 2 1 A .84 
LeT30fnis m. macrocbirua S 5 8 1.67 
Pomojds niero-maculatus 11 11 2.30 
Aolodinotus erunniens 2 o c\ 6 1.26 
Total 251 201 19 7 478 
Table 7 
Number and percentage of each species of dead fish counted on a 1000-yard 
section of Crandal's Beach, sections 8 and 9 Spirit Lake, in 1946. 
Percentage 
April May June July Aug. Sept. 1946 of 1946 
total 
Lepisosteus platostomus 1 1 .16 
Notemigonus cryaoleucas 1 1 .16 
Ameiurus m. melas 12 1 324 50 21 12 400 62.21 
Lepibema chrrsoDs 2 1 1 4 .62 
Perca flavescens 4 8 56 68 84 5 205 31.88 
Stizostedion v. vitreum 2 5 2 1 10 1.56 
MicroDterus d. dolomieu - •  1 1 2 .31 
Huro salmoides 1 2 3 .47 
Lepomis m. macrochirus 5 3 2 8 1.24 
Pomoxis niero-maculatus 2 2 4 .62 
Aplodinotus grunniens 3 1 1 5 .77 
Total 20 10 370 U2 109 22 643 
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bullhead and the yellow peroh, accounted for roughly 93 
per cent of all of the fish examined. The number of adults 
of these two pan fish increased markedly Just after the com­
pletion of their respective spawning periods. Many of the 
bullheads were quite battle scarred, and often had a fungous 
growth on or near a wound. A relatively small per cent of 
the mortality could be directly attributed to hook and line 
fishing. Hov/ever, the cause of a large proportion of the 
deaths was not readily apparent* 
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REP 1=10DUCTlOiN OF V/HITE BASS 
Very little has been written or apparently la known 
about the spawning of the white basa. Altken (1936) states 
that the apavmlng In Iowa la late In April and throughout 
May and. that the eggs are deposited at random over weedy 
and gravelly bottom. Howell (1945) believes that the Tidilte 
bass In some Tennessee Valley Authority waters spawn in the 
reservoirs and not in tributary streams. 
In an effort to learn more of their spawning habits and 
requirements, white bass were stocked in two small ponds 
in early April, 1946. Twenty-two adult fish were stocked 
in one pond of 1 1/4 acres and not exceeding 2 1/2 feet in 
depth. Nineteen of these were known to have survived, A 
second pond of 3/4 of an acre in size and averaging 2 1/2 
feet in depth, was stocked with 13 adults; 11 of these were 
observed several times during the summer. 
Repeated observations, at the ponds, during and after 
the normal spaxunlng period revealed no activity that could 
be associated with spawning. No young-of-the-year white 
bass v/ere observed In the ponds, nor v;ere the efforts to 
take young successful. However, the ovaries of the pond 
females, removed a month after the probable spawning period, 
had the same appearance as the ovaries of females removed 
from Spirit Lake, and v/hich it was assumed had spax-med 
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naturally. Apparently the eggs v^ere dropped v/lthout being 
fertilized, or the fertilized eggn or the young were early 
prey. 
All efforts to strip the eggs from white bass met with 
failure. At the height of the spawning season no eggs could 
be forced from apparently ripe females. When the males vrere 
handled carefully a small amount of sperm could be obtained. 
On three ooca^elons ovaries of live females were removed and 
an attempt was made to fertilize some eggs from them. The 
eggs were then placed in Chase jars and handled in the rou­
tine manner. None was hatched. One of the difficulties 
encountered was the problem of separating the eggs from the 
ovary v/all without damaging the eggs. Unripe adults held 
in hatchery tanks invariably died before any apparent change 
had taken place in the reproductive organs. 
VJhite bass in Spirit Lake apparently have an average 
spawning period somevjhere between May 15 and June 10. They 
have been reported by 0. J. Koch of the Iowa State Conserva­
tion Oommission to spawi as early as late April and as late 
as the third week in June. 
In 1946, no spawned-out females were taken previous to 
May 27 and all of the females taken after June 21 were spent. 
A large school of white bass was reportedly observed going 
through typical spawning gyrations around the rocks near the 
outlet of Spirit Lake at 11;00 A.M. on May 26. Two boat 
liverymen reported that part of the female white bass taken 
May 28 and 29 had limp, dark ovaries. It appears probable 
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that a large part of the white bass spawning in Spirit Lake 
took place during the last week in May, 1946. The tempera­
ture of the water three feet below the surface, during this 
period, averaged about 60 degrees Fahrenheit (Tables 20 and 
21). Tito ripe females taken June 14 were evidence of late 
spawners. 
While the Spirit Lake white bass did not require running 
v;ater to spavm, they apparently showed a preference for it. 
The number of eggs to a female was estimated by weigh­
ing both ovaries from a freshly killed fish and then by 
weighing a representative sample of from .2 of one per cent 
to 1.3 per cent of the total weight. Egg counts ranged from 
650,000 to 970,000 for the three females checked. 
In 1946 the eggs did not increase markedly in size 
during the four-week period Just preceding spawning. During 
the breeding season what appeared to be an average ovary 
contained tvra sizes of eggs. About 23 per cent of them were 
quite small and possibly would not be fertilized. The ovary 
walls and those eggs which adhered tightly to the ovary v;all 
were computed by weight as 2.8 per cent of the total. Egg 
diameters ranged from .029 to .034 inch, with .031 considered 
the average. 
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TAGGING AND CREEL CENSUS 
A total of 123 adult white bass from six stations v/as 
Jaxv-tagged and released between March 30 and April 27, 
1946. The number of tagged fish recaptured from May 30 to 
August 20 was 39, 31.6 per cent of the number tagged. The 
returns were from ten shore areas and numerous places in 
deeper water. Only one fiah was recaptured at the same 
place it had been tagged. The longest straight-line distance 
traveled was 3.5 miles in 42 days. It appeared from these 
limited returns that the schools of v/hite baas moved freely 
around Spirit Lake. The return of over 31 per cent of the 
tagged fish might indicate a heavy drain from hook and line 
fishing on the already low population. 
Table 8 lists the reported number of vAiite bass taken 
by hook and line in 1946 for each period, and the number of 
tagged ones in the creel for the corresponding period. 
Sigler (1943) reported a catch of 1.35 white bass per hour, 
and an all species catch of 1.66 fish per hour, for 158 
hours of fishing in Spirit Lake in 1942. 
Table 8 
Total number of -Kiilte bass recorded from the creel census, and the num­
ber and per cent of tagged captured fish In the creel, from 
Spirit Lake in 1946. (Data provided by E. B. Speaker 
and E. T. Rose). 
Per cent of 
Number of Number of tagged tagged captured 
Date fish captured captured fish fish 
May 15-25, 1946 612 2 0.33 
May 25-June 4, 1946 2813 9 0.32 
June 4-June 14, 1946 2226 7 0.31 
June 14-June 24, 1946 1595 9 0.56 
June 24-July 4, 1946 1519 3 0.02 
July 4-July 14, 1946 2489 6 0.02 
July 14-July 24, 1946 651 1 0.02 
July 24-Aug. 3, 1946 233 
Aug. o-Aug. 13, 1946 29 
Aug. 13-Aug. 23, 1946 43 2 4.65 
Aug. 23-Sept. 2, 1946 140 
Total 12,350 39 
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A&E AND &ROWTH 
Scale measurements for the pui^ose of computing Individ­
ual growth histories were made for 73 young-of-the-year and 
1,064 older Spirit Lake white bass. The young-of-the-year 
fish ranged from 24 millimeters to 112 millimeters in standard 
length. The scale measurements of the young fish were used 
only in the calculations of the length-scale relationship. 
Gomputations of individual growth histories for fish one 
or more years old were made v/ith the aid of a nomograph 
similar to that described by Garlander and Smith (1944). 
Body-Scale Relationship and the Oaloulation of (Jrov/th 
A study of the relationship between the standard length 
and the magnified (scale X 27.0) anterior scale radius of 
each fish vras undertaken to determine the most accurate 
method of caloulating growth rate. The data were grouped 
into five-millimeter standard length Intervals and the 
average body length, average scale measurement, and the body-
soale ratio determined for each interval (all ages vjere com­
bined). The body-scale (L/Sc) ratio decreased progressively 
as the size of the fish increased (Table 9). That is, the 
scales became relatively larger. 
A knowledge of the type of mathematlceJ. function most 
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Table 9 
Body-scale relationship (L/Sc) of 1,14E Spirit Lake white 
bass arranged according to the average standard lengths 
based on five-millimeter intervals, with all age 
groups combined. 
Average 
standard 
length 
Average scale 
measurement 
(X 27.0) 
Average 
L/Sc ratio 
Number of 
fish 
24.0 6.0 4.00 1 
26.0 6.0 4.33 1 
52.0 8.0 4.00 5 
43.5 12.0 3.62 2 
48.8 15.0 3.25 5 
53.1 13.9 3.82 8 
58.2 19.2 3.02 13 
63.7 21.0 3.03 12 
67.9 22.0 3.22 11 
72.4 25.3 2.86 10 
83.7 35.2 2.38 4 
86.5 37.0 2.34 2 
92.0 40.0 2.30 2 
99.0 43.0 2.30 1 
112.0 51.0 2.19 1 
153.2 67.8 2.26 4 
157.5 74.5 2.12 2 
164.1 70.1 2.34 8 
168.7 73.0 2.31 15 
173.1 74.4 2.32 11 
178,4 81.5 2.19 12 
182.4 78.4 2.33 20 
188.6 86.9 2.17 21 
192.9 89.5 2.16 17 
197.4 91.8 2.29 18 
202.9 92.6 2.19 14 
208.2 98.2 2.12 13 
213.2 98.8 2.16 8 
219.0 105.0 2.09 1 
224.0 99.0 2.26 1 
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Table 9 (Continued) 
Average Average soale Average Number of 
standard measurement L/Sc ratio fish 
length (X 27.0) 
234.0 134.5 1.74 2 
241.0 107.0 2.35 1 
258,5 141.5 1.83 2 
265.5 124.2 2.12 4 
268.9 118.7 2.26 7 
274.0 130.5 2.10 37 
278.8 136.5 2.04 72 
203. 5 144.8 1.96 104 
288.3 143.8 2.00 166 
293.2 139.8 2.10 116 
298.3 147.1 2.03 108 
303.3 153. 9 1.97 96 
308.5 156.3 1.97 69 
312.8 155.7 2.01 60 
318.2 150.6 2.11 31 
321.1 144.0 2.23 8 
327.7 169.7 1.93 6 
332.7 150.7 2.21 3 
338.7 155.2 2.18 4 
342.0 145 * 0 2.36 1 
347.5 167.5 2.07 2 
Weighted average 2.04 
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nearly described by the body-scale relationship, and the 
average length of the fish at the time of scale formation 
is needed for the calculation of growth. This information 
v;aa obtained by plotting the averages of standard length 
and scale measurement of each length interval on arith­
metically. ruled paper, and fitting a straight line by the 
least-squares method to these data. A regression lino 
having a Y intercept (length axis) of 25.89 and a slope of 
1.883 was found to fit the plotted data (Figure 5). V/hile 
the total number of white bass x\iere spread over 51 length 
groups, 22 of these groups accounted for 1,036 of the 1,142 
fish examined. Van Oosten (1942) found that a line having 
an intercept of 24 and a slope of 1.08 closely fit the plotted 
values for the Lake Erie white bass. Only those length 
groups representing 12 or more individuals were used by Van 
Oosten in fitting a straight line to the data. Length-interval 
groups containing 11 or more individuals are enclosed in 
brackets (Figure 5); however, a straight line was fitted 
to the data over the entire length range of the Spirit Lake 
white bass. The greatest deviations from the fitted line 
occurred at the extremes in body length and were represented 
by only small numbers of fish. Vlhile the correction (Y 
intercept) used by Van Oosten on the Lake Erie x^fhite bass 
was remarkably close to the length intercept determined for 
the Spirit Lake fish, it would have been unwarranted to make 
such an assumption. It has been suggested by Hile (1941) 
GO so loo 120 140 160 lao zoo 230 
AWTEEIOE EADIUS or SCALE (XSTO) 
i'' 'i. '•? T f.'C: 5 
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that even varieties or populations of fish within a species 
may present their own special problems as to the method to 
be followed for the calculation of grov/th. Van Dost en (1929) 
discussed the general problem of the computation of growth 
from scale measurements in considerable detail. 
The use of selected or "key" scales v/as not employed 
to establish the body-scale relationship. Hile (1941) 
studying the age and groTrrth of 1,215 rook bass selected 
"key" scales from 318 fish. Carlander (1945) derived a 
satisfactory curve with non-key scales from 2,898 walleyes. 
An average of four scales from each fish was examined. One 
of these scales selected at random was used in the calcula­
tion of individual growth history. The ages of all fish 
were read twice, the second time without reference to the 
record of the first estimate. Data on less than five per 
cent of the fish were discarded because of an inability to 
interpret the scale information with confidence. 
An examination of the body~scale relationship of the 
v/hite base by sex failed to reveal consistent differences. 
The calculation of the length-scsle ratio was, therefore, 
made from the combined data. Hile (1941) after a detailed 
examination determined scale radius-body length ratio for 
rock base from combined data. Van Oosten (1942) compiled 
the body-scale relationship information in one table without 
comment in regard to sexual differences. 
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The calculated lengths for each year of life of the 
male and the female vdiite bass v/ere recorded separately 
(Tables 10 and 11). The average calculated length of the 
females exceeded the calculated length of the moles every 
year beyond the second one. The growth Increment of the fe­
males exceeded that of the males by seven millimeters in 
both the third and the fourth year, and by two millimeters 
in the filth year. VJhile the females grev; faster and to a 
greater length than the males, the females v;ere outnumbered 
in the advanced age groups (Table 12). The males constituted 
65 per cent of the five to nine year age groups, and 83 per 
cent of the seven to nine year age groups. 
Van Oosten (1942) found only a very slight difference 
betv/een the sexes of the I-year group of Lake Erie white 
bass. Greater discrepancies existed between the Il-year and 
the Ill-year groups (females averaged longer and heavier) 
but it was concluded that "the females are only slightly 
larger than the males at corresponding ages". The figures 
for both sexes were combined by Van Oosten. 
Age Composition and Strength of Year Classes 
It is quite evident from Tables 13 and 14 that the 1941 
year-class of white bass dominated the Spirit Lake popula­
tion from 1942 through 1946. The apparent exception was in 
1943 when only 16 per cent (eight fish) of the white baas 
Table 10 
Sammary of the average calculated lengths and increments of length for each year 
of life of the Spirit Lake white hass (male) collected in 1941, 1942, 1943, 
1945, and 1946. 
Standard Calculated length (mm) at end 
Age Number length of year of life 
group of fish (mm)* 1 2 3 4 5 6 7 8 9 
1 74 184 105 
II 9 203 106 192 
III 4 272 109 210 254 
lY 195 285 105 191 249 278 
V 220 294 94 191 246 275 288 
VI 28 297 99 193 242 270 283 295 
YII 14 307 98 194 243 269 286 297 307 
VIII 24 307 99 199 241 265 277 290 299 307 
IX 1 320 95 200 246 270 286 300 306 314 320 
firand averages 
and total 569 99 192 248 275 286 294 302 308 320 
Increments of 
growth 99 94 55 28 13 12 9 8 6 
Equivalent total 
lengths in inches 28.9 5.0 9.7 12.6 14.0 14.5 14.9 15.3 15.6 16.2 
Number of fish 569 495 436 482 287 67 39 25 1 
* Average length at time of capture. 
Table 11 
Summaiy of the average calculated lengths and increments of length for each year 
of life of the Spirit Lake white bass (female) collected in 1941, 194S, 1943, 
1945, and 1946. 
Standard Calculated length (mm) at end 
Age Number length of year of life 
group of fish (mm)» 1 2 3 4 5 6 7 8 
I 63 183 104 
II 20 209 107 194 
III 8 279 105 207 255 
IV 210 300 102 191 254 289 
V 156 306 103 190 252 287 302 
VI 25 313 103 190 250 285 301 312 
VII 3 316 104 191 246 281 297 308 316 
VIII 5 328 105 191 244 278 297 309 318 327 
Srand 
averages 
and total 490 103 192 253 288 302 311 316 327 
Increment B of 
grotjth 103 89 62 35 15 10 8 9 
Equivalent total 
lengths in inches 24.9 5.2 9.7 12.8 14.6 15.3 15.8 16.0 16.6 
Number of fish 490 427 407 399 189 33 3 5 
* Average length at time of capture. 
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Table 12 
Sex ratio of the Spirit LaJce white baas collected in 1941, 
1942, 1943, 1945, and 1946. 
Total Number Number Percentage Percentage 
Year Age* number of of Of of Of 
group fish males females males females 
I 
II 
1941 III 5 5 100.0 
IV 4 2 2 50.0 50.0 
V 13 5 8 38.5 61.5 
Total and ave. 22 7 15 31.8 68.2 
I 257 132 125 51.4 48.6 
II 
1942 III 4 3 1 75.0 25.0 
IV 53 26 27 49.1 50.9 
V E9 8 21 27.6 72.4 
VI 1 1 100.0 
Total and ave. 344 169 175 49.1 50.9 
I 
II 27 9 18 33.3 66.7 
1945 III 
IV 1 1 100.0 
V 29 27 2 93.1 6.9 
VI 21 12 9 57.1 42.9 
VII 2 2 100.0 
Total and ave. 80 49 31 61.2 38.8 
I 
II 2 2 100.0 
III 
1945 IV 339 160 179 47.2 52.8 
V 36 27 9 75.0 25.0 
VI 8 5 3 62.5 37.5 
VII 1 1 100.0 
Total and ave. 386 193 193 50.0 50.0 
I 
II 
III 3 1 2 33.3 66.7 
IV 8 6 2 75.0 25.0 
1946 V 269 153 116 56.9 43.1 
VI 23 11 12 47.8 52.2 
VII 14 13 1 92.9 7.1 
VIII 29 24 5 82.8 17.2 
IX 1 1 100.0 
Total and ave. 347 209 138 60.2 39.8 
Grand total 
and average 1179 627 552 53.2 46.8 
* One year was added to the age of each fish judged not to have 
laid down an annulus during the oalendar year in which they 
were collected. 
Table 13 
Age Composition^' of the Individual and Combined Sample Periods of the Spirit Lake 
White Bass Collected in 1941, 194^ , 1943, 1945, and 1946, 
Used for the Study of Age and G-rowth"^. 
Period of Number of fish in age grouD 
collections I II III IV V Vi VII VIII IX I-IX 
Oct. 3-9, 1941 2 4 5 11 
Oct. 24, 1941 6 6 
Nov. 3-13. 1941 3 2 5 
1941 5 4 13 22 
Percentage comcosition 22.7 18.2 59.1 
Aug. 7-17, 1942 33 33 
Aug. 29-Sept. 12, 1942 63 3 43 23 1 133 
Sept. 24-Oct. 3, 1942 34 1 10 4 49 
Nov. 4-18, 1942 7 2 9 
1942 137 4 53 29 1 224 
Percentage composition 61.2 1. 8 23.7 12.9 0.4 
Jan. 29-Feb. 15, 1943 1 23 13 37 
March 3-16, 1943 5 3 1 9 
Acril 9-10, 1943 3 7 2 12 
May 19-June 2, 1943 7 7 
July 8, 1943 15 15 
1943 27 1 29 21 2 80 
Percentage comDosition 33. 8 1.2 36.2 26. 3 2.5 
July 29-31, 1945 74 7 1 82 
Aug. 6-8, 1945 75 12 3 90 
Aug. 11-14, 1945 1 55 7 63 
Aug. 16-18, 1945 1 46 6 1 1 55 
Oct. 15, 1945 19 1 1 21 
Nov. 2-5, 1945 54 3 2 59 
Dec. 10, 1945 16 16 
Table 13 (Continued) 
Period of Number of fish in arouT) 
collections I II III IV V VI VII VIII IX I-IX 
1945 2 339 36 8 1 386 
Percentage composition .5 87.8 9. o 2. 1 .3 
March 29, 1946 74 5 1 80 
April 11-19, 1946 25 4 29 
April 27-May 7, 1946 1 26 1 1 5 34 
May 20-June 3, 1946 20 1 4 3 28 
June 20-26, 1946 26 1 3 3 33 
July 7-16, 1946 1 44 4 2 7 58 
Aug. 14-15, 1946 19 13 3 35 
Sept. 16-20, 1946 1 3 19 3 1 1 28 
Oct. 31-Nov. 2, 1946 5 16 1 22 
1946 3 8 269 23 14 29 1 347 
Percentage composition .9 2.3 77.5 6. 6 4.0 8.4 .3 
• Excluding the young-of-the-year. 
One year was added to the age of each fish judged not to have laid an annulus 
doTjn during the calendar year in t«laich they were collected. See Table 15. 
^ Table 14 represents the age con5)osition of all 1942 collections. 
- 57 -
Table 14 
Age Composition* of the Individual and Combined Sample 
Periods of the Spirit Lake White 
Bass Collected in 1942. 
Period of Number of fish in atace grout? 
Oollections I II III IV V VI i-vi 
July 25 55 56^  
July 27 66 66 
Aug. 1-7 199 199 
Aug. 10-19 174 174 
Aug. 25-Sept. 7 1008 1 1 1010 
Sept. 8-12 187 1 4 40 21 1 274* 
Sept. 24-Oot. 11 38 1 1 10 4 54 
Nov. 4-18 7 2 9 
Total 1,734 3 5 51 28 1 1342 
Percentage 
composition 94.13 • 11 .27 2. 79 1. 52 . 05 
* Excluding the young-of-the-year. See Table 13 and 
text. 
Includes one flah for which age vras not determined. 
* Includes 20 fish not aged in the II-VI age group. 
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Table 15 
Age composition'''' of the Individual and oombined sample per­
iods of the Spirit Lake white bass collected in 
1945 and 1946, based on the number 
of an null present"^ . 
Period of ...  Number of fish in age erouiD 
collectiona I II III IV V VI VII VIII I-VIII 
July 29-31, 1945 58 20 4 82 
Aug. 6-8, 1945 39 44 5 2 90 
Aug. 11-14, 1945 1 22 40 63 
Aug. 16-18, 1945 1 6 45 1 2 55 
Oct. 15, 1945 19 1 1 21 
Nov. 2-5, 1945 53 4 2 59 
Dec. 10, 1945 16 16 
Total 386 
March 29, 1946 74 5 1 80 
April 11-19, 1946 25 4 29 
April 27-May 7, 1946 1 26 1 1 5 34 
May 20-June 3, 1946 20 1 4 3 28 
June 20-26, 1946 26 1 3 3 33 
July 7-16, 1946 1 44 4 2 7 58 
Aug. 14-15, 1946 19 13 3 35 
Sept. 16-20, 1946 1 3 19 3 1 1 28 
Oct. 31-Nov. 2, L946 5 16 1 22 
Total 347 
* Excluding the young-of-the year. 
No correction was made in the age of fish which apparently 
had not laid an annulus dovm during the calendar year in 
-tdiloh they were collected. See Table 13. 
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captured under the ice were Il-year (1941) fish. The 1941 
class constituted 94 per cent of the 1942 catch, 38 per cent 
of those taken in 1945, and 78 per cent of the 1946 fish. 
JuGt hovj completely this one year-class dominated the popu­
lation is further demonstrated by the fact that a total of 
only 13 fiah (less than two per cent) from year-clasaes 
later than 1941 v;ere taken in the combined 1945 and 1946 
catch. Exceptionally strong year-classes of fish may 
dominate not only their ovm population but that of associated 
species as well. When a continuous series of weak year 
groups extends beyond the influence of the latest abundant 
group, a shortage of that fish exists until subsequent re­
production again produces a more dominant year-class or 
population. There are no previous life history studies of 
the Spirit LaJce white bass, but best available evidence 
indicates a series of extremes in populations in the last, 
30 years. According to several of the professional guides 
and other residents of the vicinity, the xfhite bass in the 
past have almost disappeared from the catch for a period of 
one or more years and then reappeared prominently. Extremea 
in the reproductive pattern of a population may possibly be 
associated with the factors that limit the range of the 
species. Spirit Lake is close to if not outside the north­
west corner of the natural range of the v/hite bass. It is 
not inconceivable that "edge of the range" effects are, in 
part, responsible for the violent fluctuations of the popu-
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latlon and the largely unpredictable spawning habits of the 
Spirit Lake white bass. Hovrever, this same phenomenon, with 
apparently less extremes, has been noted by Howell (1945) 
and others for white bass much farther south. 
Period of the G-rov/ing Season and Time of Annulus Formation 
An estimate of the period and extent of annual groxirth 
was made; first, from examination of the average standard 
length of fish in the better represented age-groups for each 
date of collection; second, by calculating the growth of 
selected age groups up to the time of capture (Table 16); and 
third, by computing the average standard length of the O-group 
for each collection period. The average standard length of 
both the male and the female I-year group did not increase 
after October 3, in 1942. The Il-year old females increased 
in average length by 12 millimeters and the males apparently 
grew five millimeters between the periods of March 3-March 
16 and May 19-June 2, 1943. There seemed to be little or 
no growth after October 15, 1945. In 1946, the fish five 
or more years old (96.8 per cent), apparently did not 
grow. While data on the rate of growth is admittedly in­
complete, the present Information can supply a rough picture 
of the relative amount of growth for the summer months. 
The estimated rate of growth for the 1941 year-class in the 
summer and fall of 1942 and the spring of 1943 is as follows; 
Table 16 
Calculated growth and percentage of year's grov/th completed of four age groups of Spirit 
Lake white bass up to the time of capture."'^ 
Calculated Calcxilated Per cent 
G-rov/th length Length length of 
Age Period of current previous at current completed Number of 
group collection year year capture year gro^ fth fish 
Males 1942 
I iuig. 7-17, 1942 64 105 169 192 74 18 (495) 
I Aug. 29-Sept. 12 82 105 187 192 94 35 (495) 
I Sept. S9-0ct. 3 88 108 196 192 100 18 (495) 
I Nov. 4-18 87 108 195 192 100 3 (495) 
IV Aug. 29-Sept. 12 13 274 287 286 100 21 (287) 
IV Sept. 24-Oct. 3 12 277 289 286 100 5 (287) 
1942 Females 
I Aug, 7-17 63 103 166 192 71 15 (427) 
I Aug. 29-Sept, 12 81 103 184 192 91 28 (427) 
I Sept. 24-Oct. 3 88 106 194 192 100 16 (427) 
I Nov. 4-18 94 101 195 192 100 4 (427) 
IV Aug. 29-Sept. 12 13 286 299 302 81 22 (189) 
V Aug. 29-Sent. 
1943 
12 13 
Males 
299 312 311 100 17 ( 33) 
II May 19-June 2 None 201 201 None 2 
II July 8 25 185 210 248 40 4 (486) 
1943 Females 
II May 19-June 2 None 202 202 None 5 
II July 8 22 190 212 255 35 11 (407) 
* While calculated lengths for the entire growing period were based on data from com­
bined age-grcups, the 1941 year-class (age-grotips I and II) constituted a large 
percentage of each sample. 
For age-group. 
Number of fish used to calc^llate gro^irfch at end of current year in parenthesis. 
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for the period ending July 1, 35 per cent; for the month of 
July, 27 per cent; for August, 30 per cent; and for Septem­
ber, 8 per cent. Since the growth rate for the 0-group did 
not vary markedly during the three years considered (1942, 
1945, and 1946), estimates are based on information from 
the combined data. The young fish had completed 50 per cent 
of the yearfe growth by August 1, an additional 25 per cent 
was added during August and there was no growth indicated 
after October 15 (Tables 17, 18, and 19). Assuming that the 
growing season of the Spirit Lake white bass is the period 
starting the latter part of May and ending not later than 
the middle of October, it is between 125 and 150 days long. 
However, a very large percentage of the total growth takes 
place during the months of June, July, and August. The 
agricultural growing season for the northwest sRotlon of 
Iowa is 148 days. 
The method used here for determining the per cent of 
annual growth completed during each month is similar to the 
procedure folloi^ed by Hile (1936), who found that the end 
of the growing season for the clsco populations of four 
Wisconain lakes varied widely, because of local conditions 
within the lakes. It was assumed that the clsco growing 
season started shortly after the disappearance of the ioe. 
The probable average date for Spirit Lake is April 1. Van 
Oosten (1944) has pointed out that the agricultural growing 
season is not necessarily the same as that for fish. Jones 
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Table 17 
Average length"!; weight and coeffloient of condition (K) of 
the young-of-the-year vdiite baaa collected in 
Spirit Lake in 1942. 
Yeaj;' and Number Standard Total Average Average 
period of 
collection 
of 
fiah 
length 
(mm) 
length 
(inches) 
weight weight 
(ounces) (grains) 
K 
July 22, 1942* 18 34 .032 .897 
July 22, 1942* 13 37 .045 1.269 
Aug. 3, 1942 1 38 .044 1.250 2. 278 
Aug. 3, 1942 17 44 .067 1.898 2.233 
Aug. 3, 1942 31 48 .082 2.319 2.131 
Aug. 3, 1942 18 53 .110 3.125 2.144 
Aug. 22, 1942 2 49 .103 2.910 2.435 
Aug. 22, 1942 8 54 .135 3.818 2.432 
Aug. 22, 1942 4 56 .142 4.028 2.216 
Aug. 22, 1942 15 58 .171 4.855 2.391 
Aug. 22, 1942 17 64 .256 7.250 2.443 
Aug. 22, 1942 12 68 .268 7.597 2.429 
Aug. 22, 1942 7 73 .336 9.527 2.460 
Aug. 22, 1942 1 76 .401 11.360 2.537 
Oct. 5, 1942 1 75 .354 10.040 2.379 
Oct. 5, 1942 4 79 .414 11.728 2.423 
Oct. 5, 1942 9 84 .498 14.120 2.419 
Oct. 5, 1942 6 88 .599 16.993 2.462 
Oct. 5, 1942 3 92 .690 19.550 2.534 
Oct. 5, 1942 2 98 .846 23.965 2.544 
Oct. 5, 1942* 4 69 .338 9.578 
Oct. 5, 1942* 20 73 .410 11.622 
Oct. 5, 1942* 21 78 .506 14.332 
Oct. 5, 1942* 24 83 .604 17.117 
Oct. 5, 1942* 12 88 .071 2.001 
Oct. 5, 1942* 4 92 .873 24.747 
Oct. 5, 1942* 1 96 .953 27.012 
Oct. 18, 1942* 5 68 .313 8.867 
Oct. 18, 1942* 7 74 .416 11.790 
Oct. 18, 1942* 12 78 .501 14.194 
Oct. IB, 1942* 5 84 .584 16.556 
Oct. 18, 1942* 2 88 .714 20.245 
Nov. IB, 1942* 1 81 .483 13.707 
Nov. 18, 1942* 1 90 .645 18.295 
* Uata wore taken after preservation oorrection was made for 
^ change in weight due to preservation. See text. 
Based on standard length intervals of five millimeter. 
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Table 18 
Average length^ iirelght and coefficient of condition (K) of 
the young-of-the-year vj^hite bass collected in 
Spirit Lake in 1945. 
Year and Number Standard Total Average Average 
period of of length length weight x^eight K 
collecbion fish (ram) (inches) (ounces) (grams) 
July 25, 1945* 1 19 .007 .195 
July 26, 1945-i!- 14 25 ,014 . 386 
July 25, 1945'i'' 73 28 .019 .547 
July 25, 1945''i- 33 33 .030 .843 
July 25, 1945<i-
Aug. 9, 1945^ '' 
2 . 37 .045 1.265 
2 40 .065 1.835 
Aug. 9, 1945^^ 30 43 .081 2.297 
Aug. 9, 1945'''- 14 48 .113 3.192 
Aug. 9, 1945'»fr 5 52 .154 4.382 
Sept. 17, 1945 16 53 .128 3.617 2.369 
Sept. 17, 1945 10 57 .154 4.376 2.343 
Sept. 17, 1945 10 63 .199 5.649 2.310 
Sept. 23, 1945 1 60 .190 5.400 2.500 
Sept. 23, 1945 1 65 .240 6.800 2.475 
Sept. 23, 1945 8 68 .277 7.862 2.472 
SexDt. 23, 1945 17 73 .337 9.550 2.429 
Sept. 23, 1945 7 79 .386 10.950 2.370 
Sept. 23, 1945 7 83 .494 14.007 2.412 
Sept. 23, 1945 1 100 .912 25.850 2.585 
Oct. 10, 1945'H' 4 59 .183 5.195 
Oct. 10, 1945<f 10 64 .231 6.538 
Oct. 10, 1945^^ 10 60 . 273 7.742 
Oct. 10, 1945't» 3 72 .330 9.360 
Oct. 10, 1945<^ 3 77 .416 11.807 
Oct. 10, 1945<^ 4 83 .488 13.833 
Oct. 10, 1945^^ 1 88 .558 15.810 
Based on standard length intervals of five millimeter. 
* Data vrere taken after preservation correction was made for 
change in weight due to preservation. See text. 
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Table 19 
Average length"^, weight and coefficient of condition (K) of 
the young-of-the-year white bass collected In 
Spirit Lake In 1946. 
Year and Number Standard Total Average Average 
period of of length length weight weight K 
collection fish (mm) (inches) (ounces) (grams) 
July 24, 1946 5 39 .044 1.240 2.090 
July 24, 1946 9 43 .067 1.900 2.262 
July 24, 1946 1 46 .078 2.200 2. 260 
July 24, 1946<^  4 32 .026 .735 
July 24, 1946* 3 37 .047 1.327 
Oct. 21, 1946<^  1 70 .321 9.090 
Oct. 21, 1946* 4 73 .347 9.828 
Oct. 21, 1946* 3 77 .416 11.777 
Oct. 21, 1946* 5 84 .551 15.606 
Oct. 21, 1946* 3 88 .607 17.210 
Oct. 21, 1946* 1 94 .768 21.780 
Oct. 21, 1946* 1 96 .795 22.540 
Oct. 21, 1946* 1 112 1.249 35.420 
Oct. 31, 1946 2 73 .354 10.050 2.526 
Oct. 31, 1946 1 79 .416 11.800 2.395 
Oct. 31, 1946 1 81 .459 13.000 2.444 
Oct. 31, 1946 2 88 .570 16.150 2.367 
Oct. 31, 1946 3 92 .658 18.667 2.391 
Oct. 31, 1946 1 99 .878 24.900 2.567 
Oct. 31, 1946 1 105 .945 26.800 2.680 
Based on standard length Intervals of five millimeter. 
* Data were taken after preservation correction was made for 
change in weight due to preservation. See text. 
- 66 -
(1941), calculating the grovrlng season by comparing the 
average lengths of the fish for each period, estimated the 
growing season of Norrls Reservoir black bass to be four 
months as compared to an agricultural grov/lng; season of 
seven months. Eachmeyer and Jones (1941) found that the 
younger fish of a species made a faster early season 
groiiTth than the older ones. This was true also of Spirit 
Lake white bass. In general, the fish v/ith a more northern 
distribution had a longer growing season, thiin those fish 
with a more southerly range. Eschmeyer and *Tones concluded 
that while grov/th during any period depended to some extent 
on water temperature, it did not follow that growth was the 
most rapid when water temperature was at a maximum. 
The appearance of an annulus in the anterior field of 
a scale is generally considered evidence of growth commence­
ment. While a mark cutting across lines of growth in the 
anterior radius of a scale is not necessarily an annual ring, 
pertinent life history information makes It possible to dif­
ferentiate the true year mark from the false one. The in­
formation in Table 15 is based on the number of true annull 
(continuous cutting across in both the anterior and lateral 
field) present at the time of capture. The age composition 
of the 1945 white bass population appeared to shift as the 
season progressed, from one of predominately three-year old 
fish to a nearly 100 per cent four-year old population. The 
possibility of a sampling error was ruled out on the basis 
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of having previously demonstrated the methods as adequate. 
The age oomposltlons of the early 1946 collections were very 
similar to the relative abundance of different age groups 
In the late 1945 samples. Practically all of the fish taken 
in late July and early August, 1945, had at least a trace 
of what might be interpreted as the beginning of an annulus. 
While the same shift to a higher age group was evident in 
the 1946 collections, relatively small samples at the criti­
cal time, and the slow growth of the older fish, made the 
evidence less conclusive. The entire v;hite bass popula­
tion had apparently completed formation of a current annulus 
by August 15, 1945 (Figures,8 and 9). The average date of 
completion for the population was probably not over ten days 
or two weeks earlier. The 1941 year-class of fish taken in 
1943, formed an annulus between June 2 and July 8 (Figures 
6 and,?). 
The phenomenon of either late, or actual lack of, annulus 
formation is not new to fisheries investigators. Thompson 
and Bennett (1938) observed that Horse Shoe Lake black 
crappies failed to lay down an annulus in their fourth, 
fifth, and sixth year, and attributed the lack of growth 
to dwindling food supplies. Frey and Vike (1941) found 
that white bass of the 1931 year-^olass of two Wisconsin 
lakes did not form annull in either their sixth or seventh 
year of life. Frey and Vike concluded that a scarcity of 
food caused the vdiite bass not to grow in length and hence 
- 68 -
Figure 6 
Photograph of & scale from a 1941 year-clasa Spirit Lalce 
white bass, taken June 2, 1943. No annulus for the 
current year has been formed. 
I. 
Figure 7 
Photograph of a aoale from a 1941 year-class Spirit Lake 
white baas taken July 8, 1943. The current 
annulus is complete. 
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isr 
Figure 8 
Photograph of a scale from a 1941 year-class Spirit Lake 
white bass taken July 31, 1945. The fourth annulua 
appears only in the anterior field. 
Figure 9 
photograph of a scale from a 1941 year-class Spirit Lake 
white bass taken October 15, 1945. The fourth annulus 
is complete but the current year's growth is quite small, 
mwaiujusrjiiwwv;' 'i* 
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to not form annull for either of the two years. The 1941 
year-class of Spirit Lake white bass grew very little in 
1946, and many of thera apparently formed an annulus slowly 
or not at all. Van Oosten (1944) commented that, \vhile 
food frequently did exercise a dominant Influence on the 
grov'th of wild fish, clear cut demonstrations of the direct 
connection between feeding conditions and the growth were 
scarce. Van Oosten concluded that, while he did not imply 
that competition for food did not influence growth rate in 
fish, he believed that in general the importance of the 
factor remained to be demonstrated. The per cent of adult 
white bass with no food in the stomach did not vary markedly 
in 1946 from 1942 or 1945. It would appear from this that 
the delay or failure of the 1941 year-class to form an 
annulus in 1946 could not be attributed to a lack of food. 
l«fliile there was a slight increment of growth in the sixth 
year, for all y.ear-olasses combined the average length at 
capture of the.1941 year-class did not increase during the 
1946 grovjlng season. It may be that there are years when 
Spirit Lake white bass do not form annull after the average 
maximum length has been attained, regardless of the amount 
or kind of food available. This, of course, does not mean 
that the fish do not continue to feed as usual. 
Table 20 
Mean Monthly and Annual Temperatures with Departures from the Normal, Lake 
Park, Iowa (U. S. Weather Bureau, climatological data). 
1937 1938 1939 1940 1941 1942 1943 1944 1945 
Jan. Temp. Dep. 
5.0 
-7.5 
15.0 
+ 2.5 
23.2 
+10.7 
7.1 
-5.4 
19.2 
+ 6.7 
20.0 
+ 7.5 
9.7 
-2.8 
29.2 
+15.7 
18.2 
+ 4.7 
Feb. Tenro. Dep. 
15.1 
-1. S 
19.6 
+ 3.2 
13.2 
-3.2 
20.6 
+ 4.2 
18.2 
+1.8 
20.4 
+ 4.0 
23.0 
+ 6.6 
21.8 
+4.8 
22.0 
+5.0 
Mar. Temp. Dep. 
29.0 
0.0 
38.0 
+ 9.0 
32.8 
+ 3.8 
26.6 
-2.4 
30.1 
+1.1 
34.6 
+ 5.6 
27.3 
-1.7 
25.8 
-5.2 
39.2 
+ 8.2 
April Ten^ ). Dep. 
44.0 
-1.0 
47.2 
+2.2 
44.4 
-0.6 
43.7 
-1.3 
50.2 
+5.2 
51.9 
+ 6.9 
47.0 
+ 2.0 
41.6 
-3. £ 
44.2 
-1.0 
May Temp. Dep. 
59.7 
+ 2.1 
55.2 
-2.4 
64.8 
+ 7.2 
56.8 
-0.8 
64.6 
+7.0 
55.7 
-1.9 
54.4 
-3.2 
61.8 
+ 3.5 
52.0 
-6.3 
Jiine Temp. Dep. 
65. 5 
-1.0 
66.9 
+ 0.3 
68.8 
+ 2.2 
68.2 
+ 1.6 
67.4 
+ 0.8 
66.6 
0.0 
68.3 
+ 1.7 
69.5 
+ 2. 5 
60.8 
-6.2 
July Temp. Dep. 
74.4 
+ 2.3 
73.6 
+ 1.5 
73.9 
+ 1.8 
75.0 
+ 2.9 
73.4 
+ 1.3 
71.4 
-0.7 
73.4 
+1.3 
70.4 
-2.2 
70.2 
-2.4 
Aug. Temp. Dep. 
75.8 
* Q»4c 
73.8 
+ 4.4 
68.4 
-1.0 
68.4 
-1.0 
72.6 
+3. 2 
70.6 
+ 1.2 
71.0 
+1.6 
69.2 
- 1 . 1  
70.0 
-0.i5 
Sept. Temp. Dep. 
63.0 
+ 2.0 
64.6 
+ 3.6 
65.6 
+ 5.6 
65.8 
+ 4.8 
63.8 
+2.8 
57.4 
-3.6 
57.8 
-3.2 
61.2 
-0.7 
60.0 
-1.9 
Oct. Dep. 
An r\ 
-X i • N-/ 
-1.0 
57.6 
+ 9.6 
> o 
*±o • O 
+ 0.8 
56.2 
+ 8.2 
52.0 
+4.0 
'±9.0 
+ 1.6 
50.0 
+ 2.0 
51.6 
+ 2.3 
'"A 
+ 1.0 
NOT. Temp. Dep. 
31.4 
-0.4 
32.2 
+ 0.4 
38.5 
+ 6.7 
28.4 
— o. 4 
36.8 
+5.0 
34.9 
+ u. 1 
30.5 
—1. o 
33.9 
+ 3.8 
32.5 
-0.6 
Dec. Temp. Dep. 
17.4 
-2.3 
23.0 
+3. o 
30.8 
+11.1 
24.5 
+ 4.9 
27.8 
+8.1 
16.4 
-3.3 
25. 5 
+ 5.8 
20.2 
-0.3 
13.7 
-6.8 
Anniial Temp. Dep. 
44.0 
-0.1 
47.2 
+3.1 
47.8 
+ 3.7 
45.1 
+ 1.0 
48.0 
+3.9 
45.8 
+ 1.7 
44.8 
+ 0.7 
46.6 
+1.6 
44.4 
-0.6 
Table 21 
Monthly and Annual Precipitation vjlth Departures from the Norinal. Averages 
for Lake Park and. Estherville (U.S. vJeather Bureau Climatological data). 
1957 1958 1959 1940 1941 1942 1943 1944 1945 
Jan. 
Prec. 
Dep. 
1.39 
+0.79 
0.46 
-0.14 
.54 
-0.07 
.05 
—0. 5o 
.68 
+0.08 
0.45 
-0.16 
1.16 
+0. 56 
1.11 
+ 0.46 
.63 
+0.03 
Feb. Prec. Dep. 
.75 
-0.12 
0.77 
-0.08 
1.19 
+0.55 
.95 
+0.11 
1.06 
+0.22 
.52 
-0.06 
.54 
-0.31 
.94 
+0.10 
1. 25 
+0.39 
Mar. Prec. Dep-
2.56 
+1.34 
1.12 
-0.11 
0.51 
-0.92 
2.28 
+1.05 
1.21 
-0.02 
1.95 
+0.72 
1.38 
+0.15 
1.12 
-0.20 
1.54 
+0.22 
April Prec. Dep. 
2.70 
0.35 
2.70 
0.35 
1.43 
-0.95 
2.39 
+0.02 
2.78 
+0.41 
1.25 
-1.13 
.91 
-1.47 
1.97 
-0.31 
2.86 
+0.59 
May Prec. Dep. 
4.00 
-0.09 
5.13 
+1.54 
2.91 
-1.18 
1.28 
-2.81 
2.32 
-1.77 
5.28 
+1.20 
5.39 
+1.31 
4.25 
+0.54 
4.39 
•"0.48 
June Prec. Dep. 
4. 54 
+ 0.42 
7.05 
+2.94 
3.63 
-0.49 
5.16 
+1.04 
5.28 
+0.04 
4.20 
+ 0.42 
10.17 
+ 6.06 
4.94 
+0.62 
6.47 
+ 2.15 
July Prec. Dep. 
2.68 
-0.78 
4.90 
+1.45 
3.92 
+0.47 
.75 
-2.75 
1.75 
-1.71 
5.70 
+2.24 
5.65 
+2. 20 
4.99 
+1.73 
3.64 
•"0.38 
Aug. Prec. Dep. 
7.64 
+4.07 
1.91 
-1.66 
5. 23 
+1.66 
4.65 
-i.06 
1.95 
-1.63 
3.67 
+0.10 
4.46 
+0.89 
6. 50 
+2. 82 
1.81 
-1.88 
Sept. Prec. Dep. 
2. 94 
-0.76 
10.65 
+ 6.96 
.71 
-2.99 
0.21 
-3.49 
5.23 
+1.53 
5.18 
-0.52 
1.84 
-1.86 
2.46 
-1.20 
1.30 
-2.36 
Oct. Prec. Dep. 
2.10 
+0.28 
0.36 
-1.46 
1.63 
-0.19 
3.78 
+1.96 
2.85 
+ 1.03 
.95 
-0.87 
2.04 
+0.22 
.41 
-1.57 
.06 
-1.72 
Nov. Prec. Dep. 
0.25 
-0.96 
2.15 
+0.95 
T 
-1.20 
2.43 
+1.23 
2.15 
+0.95 
1.02 
-0.20 
1.27 
+ 0.07 
1.31 
-0.03 
1.32 
-0.02 
Dec. Prec. Dep. 
1.08 
+0.58 
.75 
+0.04 
0.37 
-0.33 
1.21 
+0.51 
.80 
+ 0.10 
.78 
+0.09 
.05 
-0.65 
.14 
-0.62 
2.04 
+1.24 
Annual Prec. Dep. 
52.57 
+4.90 
58.42 
+10.74 
21.85 
-5.33 
25.06 
-2.62 
28.02 
+0.55 
28.91 
+1.25 
34.85 
+ 7.18 
30.11 
+2.34 
27.30 
-0.47 
- 73 -
Age at Maturity 
The extent of sexual development was recorded for a 
total of 222 I-yeer male and female v^hlte baas in 1942, and 
for 23 Il-year old fish in 1943 (Tables 22 and 23). The 
1943 information, admittedly meager, was subject to leas 
error of determination because of the more advanced develop­
ment of the sex organs. The 1942 and 1943 data indicate 
that at least 36 per cent of the male and 76 per cent of 
the female white bass had well developed sex organs at the 
end of their second year of life. Possibly almost all of 
the females had reached maturity by the time they were two 
years old. The small number (12) of three-year old fish 
examined X'/ere mature. None of the white bass had well-
developed gonads at the end of their first year. 
Length-v/eight Relationship and Coefficient of Condition 
It has been shovm that length-weight relationship of 
various fishes (Hile, 1941; ^  al) may in general be ex­
pressed by an equation of the folloxTlng type; 
w = ol" 
x-7here 0 = a constant 
and n = a constant 
The values of C and n v;ere determined by the least squares 
method using the logarithms of the average lengths and actual 
Table 22 
Niimber and percentage (in parenthesis) of immature and sub—3dult<^ 
1Q41 year-class Spirit Lake vAiite bass, collected in 1942t 
Period of 
collections 
M£iles Females Males and Females 
Immature Sub-adult Immature Sub-adult Immature Sub-adult 
Aug. 7-17 10 (55.6) 8 (44.4) 9 (60.0) 6 (40.0)  19 (57.6) 14 (42.2) 
Aug. 29 40 (90.9) 4 (9.1) 38 (100.0) 40 (4S.8) 42 (51.2) 
Sept. 8-12 17 (48.6) 18 (51.4) 31 (100.0) 17 (25.8) 49 ( 74.2) 
Sept. 24-0ct. 3 7 (38.9) 11 (61.1) 16 (100.0) 7 (20.6) 27 (79.4) 
Nov. 4-18 2 (66.7) 1 (33.3) 4 (100.0) 2 (S8.6) 5 (71.4) 
Total 76 (64.4) 42 (35.6) 9 (8.7) 95 (91.3) 8o (o8»3) 137 (61.7) 
* Fish with the sex organs developed well enough to indicate probable ability to 
spawn the follovdng year, were designated sub-adults. 
* Ail young-of-the-year ^ vhite bass taken in 1942, 1945, and 1946 were imaature. 
Table 23 
Number and percentage (in parenthesis) of imiEature and mature 1941 
year-class Spirit Lake i^ ite bass, collected in 1943. 
Period of Male s Females Males and Females 
collections Immature Mature Immature Mature Immature Mature 
May 19-June 2 2 (100.0) 4 (66.7) 2 (33.3) 4 (50.0) 4 (50.0) 
July 8 2 (50.Q) 2 (50.0) 11 (100.0) 2 (13.3) IS (86.7) 
Total 2 (33.3) 4 (56.7) 4 (23.5) 13 (76.5) 6 (26.1) 17 (73.9) 
* All fish three or more years old, were judged to be mature. 
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weights. The length-weight relationships were determined 
separately for the males and for the females over 167 milli­
meters, standard length, and for 262 unsexed young-of-the-
year fish not exceeding 106 millimeters, standard length. 
There was only a slight difference between the relationship 
of each of these special groups and the relationship of all 
groups combined. All data were therefore combined. The 
resultant equation was; 
W = 9.688 X lO"'^  l^ .206 
In logarithmic form this is as follows: 
Log W = -5.01376 + 3.206 (Log L). 
The points in Figure 10 represent the actual lengths 
and weights as given in Table 24. The curve in the figure 
was plotted from the actual lengths and the calculated 
weights also given in the table. An examination of the 
table and the figure indicates that the equation may be used 
vrf.th confidence. 
The length-iireight relationship of the striped sea bass 
agrees quite v;ell with that of the white bass, but the length-
age ratio of the two species does not agree beyond the third 
year of life (Olark, 1938). 
The coefficient of condition, K, was determined by the 
equation K = W ., where W = weight in grams and L = stan­
dard length in millimeters. The K factor indicates the de­
gree of plumpness. That is, a relatively large value of K 
represents a good condition of the fish. A comparison of 
Table 24 
Length-weight relationship o f  Spirit Lake ^ite bass, based, on actual lengths and 
weights of 1,459 individuals taken in 1941, 1942, 1945, 1945, and 1946. The 
average standard lengths are based on ten-millimeter intervals, x-jith 
sexes combined 
Average Equivalent Equivalent Average Average Calculated Difference 
standard fork length total length weight weight weight in between 
length in inches in inches in in grams* actual and K Number of 
in mm. ounces grams calculated fish 
weight 
in grams 
38.8 1.7 2.0 .04 1.2 1.2 0 2.121 6 
45.9 2.0 2.3 .07 2.1 2.1 0 2.152 60 
55.0 2.4 2.8 0.14 3.9 3.7 -.2 2.315 72 
65.3 2.9 3.3 0.24 6.8 6.4 -.4 2.418 48 
74.6 3.3 3.8 0.36 10.1 9.8 -.3 2.429 40 
84.9 3.7 4.3 0.52 14.9 14.8 -.1 2.424 25 
94.6 4.1 4.8 0.75 21.3 20.9 -.4 2.499 10 
105.0 4.6 5.3 0.94 26.8 29.2 2.4 2.680 1 
146.0 6.4 7.4 2. 89 82.0 84.2 2.2 2.625 5 
154.8 6.8 7.9 3.62 102.6 101.7 -.9 2. 754 16 
166.7 7.3 8. 5 4.55 129.0 128.8 —. 2 2.757 46 
175.7 7-7 8.9 5.46 154.9 153.4 -l.*5 2.882 62 
185.3 8.1 9.4 6.55 185.6 180.8 -4.8 2.941 67 
194.7 8.5 9.9 7.59 215.2 211.9 -3.3 2.912 56 
205.3 9.0 10.4 8.98 254.5 251.1 -3.4 2-942 35 
213.9 9.4 10.9 9.45 268.0 286.3 18.3 2.739 9 
224.0 9.8 11.4 10.93 310.0 332.2 22.2 2.758 1 
235.0 10.3 11.9 13.51 383.0 387.2 4.2 2.951 1 
241.0 10.5 12.2 14.50 411.0 419.6 8.6 2.936 1 
258.5 11.3 13.1 17.25 489.0 525.6 36.6 2-834 2 
266.9 11.7 13.5 21.87 620.0 582.4 -37.6 3.254 11 
277.2 12.1 14.1 23.96 679.2 657.4 -21.8 3.169 108 
Table 24 (Continued) 
verage Equivalent Equivalent Average Average Calculated Difference 
standard fork length total length weight weight weight in between 
length in inches in inches in in grams* actual and K Number of 
in mm. ounces grams calculated fish 
weight 
in grams 
286.3 12.5 14.5 26.10 740.0 730.6 -9.4 3.143 273 
296.2 13.0 15.0 28.19 799.1 813.2 14.1 3.084 221 
305.5 13.4 15.5 31.42 890.9 897.6 6.7 3.124 166 
314.7 13.8 16.0 34.48 977.4 987.3 9.9 3.136 92 
326.0 14.3 16.6 40.62 1151.7 1121.1 -30.6 3.154 15 
336.1 14.7 17.1 42.10 1193.6 1219.7 26.1 3.141 7 
345.7 15.1 17.6 45.33 1285.6 1334.3 48.7 3.113 3 
* Calculated by means of the equation, ¥ = 9.688 X 10~ L 
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the average K values of the males and females revealed very-
slight differences for similar lengths. The ^average K for 
different age groups was comparable v;hen the lengths of the 
fish considered were approximately the same. The values of 
K increased, with considerable irregularity as the lengths 
of the fish expanded from 38 (K = 2.121), to 266 millimeters, 
standard length (K = 3.254). After dropping somewhat from 
this high, the condition factor of the remaining longer-
length groups apparently leveled off at about 3.13. It 
appears, then, that there are significant changes in the K 
''values of the Spirit Lake viiite bass as they increase in 
length. IN either the sex nor an increase in age without an 
increase in length appeared to effect the K factor markedly. 
Figure 10has been so constricted that lengths may be 
converted from standard to total and vice versa, and weights 
from grams to ounces and vice versa. The conversion of 
standard, fork, and total lengths was calculated separately 
for males, for females, and for the young-of-the-year. It 
was found that the adult females had slightly shorter tails 
than the adult males, and the young-of-the-year fish (un-
sexed) had shorter tails than the adults. The difference 
between the males and females was considered too small to 
be of practical value. In the young fish the factor for 
converting total length to standard length as determined 
from 262 specimens betv^een 38 and 105 millimeters, standard 
length, was .7906. VThile this variation appeared to be 
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slgnlfioant the consistency of the ohsjige could not be 
established due to the lack of information on fish betv;een 
the lengths of 105 and 147 millimeters. A single factor 
was, therefore, employed for each type of conversion (Table 
25). 
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Table 25 
Factors for the conversion of standard, fork, and total 
lengths of Spirit Lai:e vdriite bass. The units involving 
total length and standard length are based on 1163 fish, 
between 39 and 346 millimeters, standard length. The 
fork length measurements were from 359 fish, be­
tween 39 and 347 millimeters, standard length. 
Item'»^  Oonversion 
factor 
T.L. to 3.L. (no change in units of length) .7746 
T.L. (inches) to 3.L. (millimeters) 19.6850 
S.L. to T.L. (no change in units of length) 1.2910 
3.L. (millimeters) to T.L. (inches) 0608 
F.L. to S.L. (no change in units of length) 8981 
F.L. (Inches) to S.L. (millimeters) 22.8118 
3.L. to P. L. (no change in unit of length) 1.1134 
S.L. (millimeters)to F.L. (inches) 0438 
T.L. to F.L. (no change in unit of length) 8619 
F.L. to T.L. (no change in unit of length) 1.1602 
* S.L. = Standard length; F.L. « fork length; T.L. = 
total length. 
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FOOD HABITS 
General Feeding Trends 
Very little detailed v/ork has been done on the food 
habits of the white bass. Bailey and Hai'rison (1945) 
analyzed 80 white bass stomachs from Clear Lake, Iowa, and 
numerous general statements have been made regarding their 
dietary habits. Forbes and Richardson (1920) considered 
them mainly insectivorous, but also vdlling to tsice medium-
sized crustaceans and occasionally fish. Buck (1947) states 
that the white bass of Lake Texoma feed almost entirely on 
gizzard shad. 
Almost the entire diet of the Spirit LsJce white bass 
was made up of fish, Insects, and crustaceans. No verte­
brates other than fish were taken. The bulk of the insects 
consumed belonged to either the Ohironomidae or to the 
Ephemeroptera. The crustaceans were largely the entomostra-
ceans, Let)todora kindti and Daphnia. 
As a general rule, the adult white bass consumed greater 
volumes of fish than of all other food items combined. 
Only twice did the volume of fish, in the adult food 
for any month, fall below 50 per cent of the total amount 
consumed. The bulk of the piscivorous diet of adults was 
supplied by three species of pan fish. Game fish accounted. 
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for only a small per cent of the fish, and fori?.ge fish, ex­
cluding the sheepahead, were never a l8.rge percentage of 
the food. The sheepshead could perhaps have better been 
classified as a rough-food fish, but rather than Include 
another artificial category it was arbitrarily included 
x^ith the forage fish. Carp were the only abundant cyprinids 
in Spirit Lake during the years evaluated. No carp were 
identified from stomach contents. In 1946, numerous young 
carp were observed in shallovr-weedy habitats rarely fre­
quented by white bass. The average 0-group carp taken in 
the fall was often too lai'ge for even a large adult white 
bass to prey upon. These tvra factors, rather than the 
scarcity of young carp probably accounted for the absence 
of carp in the diet. Another Spirit La.ke rough-fish i-/hioh 
did not occur in the white bass diet was the bigmouth buffalo-
fish. All indications were that reproduction of this fish 
was negligible for the period in queation. The fresh-water 
sheepshead was taken by iiAiite bass in large quantities. 
I'ttiile fish exceeding three inches in total length v;ere rarely 
taken by v/hite bass, the young sheepshead eaten v;ere not 
infrequently an exception to this. Black bullheads, pos­
sibly the second most abundant fish in Spirit Lake, v;ore 
not eaten by the white bass. Notwithstanding the observed 
abundance of the young-of-the-year bullheads they vrere 
rarely taken by test-seining operations. Bailey and Harrison 
(1945) recorded 53 per cent of one month's volume of white 
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"bass food as bullheads. It seems reasonable that a differ­
ence in habitat, rather than a definite avoidance, accounted 
for the lack of bullheads in the Spirit Lake white bass diet. 
Largemouth bass were also reported in the food of Clear Lake 
white bass by Bailey and Harrison. None was identified from 
the Spirit Lake fish. 
While the O-group of white bass fed to some extent on 
small pan fish, their diet v;as largely Entomostraca. Diptera 
and Hemlptera were taken by young white bass in 1942, but 
no insects were taken by them in 1945. In addition to the 
cladocerans taken, the young white bass Included copepoda 
and ostracods in their diet. 
Shapovalov (1936) noted that the larger striped sea 
bass fed on relatively larger fish, while the smaller bass 
fed on small fish and crustaceans. 
The feeding activities of the I-year class of vAiite 
bass in 1942 was little short of sensational. Large schools 
of these fish often traveled so near the surface that a part 
of the dorsal fin projected above the surface of the water. 
These white bass were observed, on occasion, to attack 
schools of small fish and actually cause these little fish 
to leap out of the water and land on the beach. Out in the 
deeper water, the white bass sometimes drove young fish to 
the surface apparently in frantic and probably futile efforts 
to escape. This type of activity was observed to attract 
gulls and terns, which in turn gave fishermen a clue to the 
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v^hereebouts of the*. v;hlte bass. The ha.blt of traveling in 
large schoolo was not without its bad points for the t-^ ite 
bass. 'ilien the fiah moved within bait casting dlBtanoe of 
shore fiohermen, lai*ge numbers of them v^ere often taken in 
short order. During the warm weather the adult fish remained 
in deeper v/ater in the daytime, but moved inshore at tv;i-
light. 
.6etv;een January 29 and March 16, 1945, 41 vfhite bass 
were taken from under the ice and in December, 1945, 16 wiiite 
baea were cnught after the fall freezeup. None of these 
fiah iiad fed recently enough to have food in its stomaoh. 
Howard fireaBing, of Spii^lt Lo.lce, lovra, reported taking 'white 
baris on live minnows Juat after Spirit Lake froze up in 
November of one year. Numerous attempts, hov;ever, fi'ow 
January to March, 1945, with live minnows and other bo.itc 
failed to talce them. It appears probable that Spirit Lelce 
vihite boots feed little or not at all under the ice. 
Specific Feeding Trends 
G-ame f igh 
Walley<?. 'I'ha walleye was recorded from stomachs taken 
in only one collection during the three-year period (Table 
38). On September 12, 1942, a truck from the Iowa State 
Conservation Commission dumped a loaa of minnows and walloye 
fingerlingB into Spirit Lake. After the first fev small fl£5h 
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had been released from containers into the lake, almost every 
oast of an artificial bait in the immediate vicinity of the 
release yielded a white bass. The feeding activities of 
the adult baas were so intense that they frequently bumped 
into the men who were dispensing the young fish. Since 
walleyes were taken by vAilte bass only during this short 
period of abnormal availability, it must be concluded that 
they were an unimportant food item. Records of test-
seining during the food habits study period indicated a 
continuously low population of young-of-the-year walleyes. 
It appears probable that the lack of availability is the 
main, or possibly the only, reason that young walleyes were 
not taken, although fast growing walleyes may have reached 
a large enough size by late summer or early fall to have 
made them less vulnerable to white bass predatlon. 
White bass. Young white bass were an unimportant item 
In the food of the adults. In September, 1942, 2.6 per 
cent of the volume of adult food was iirtilte bass, and in 
August of 1945, 1.7 per cent of the adult food was white 
bass. ^'Jhlle the young-of-the-year vjhlte base were rarely 
captured in the nets In 1946, they were taken quite easily 
at night In 1942. The size attained by the 0-group v/hlte 
bass in late September or October (see Tables 17, 18, and 
19) may well have excluded them from the food of the adults. 
However, the quite small ones did not appear in the diet 
during late June or July. During twilight periods when a 
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moderate or high v;lnd was blowing, the 0~group was almost 
invariably on the quiet side of the lake, >4iile the adults 
were equally sure to be on the rough aide. Periods of 
relative calm presumably did not offoct thijj separation of 
size groups. The 0-group apparently had a preference for 
sandy beaches. "While they were often taken v/ith nets in 
the vicinity of Potamogeton beds, they were also observed 
as far out in the lake as a mile from shore. It must be 
concluded, regardless of the reason or reasons involved, 
that the adult white bass population did not seriously 
deplete their own young during the period of this study. 
Pan fish 
Black craptjie. Although the black crappie was not as 
important an item of food as either the bluegill or the 
yellow perch, it was taken more often than either of the 
two species of game fish previously mentioned. Young black 
crappies appeared in the adult diet in August of 1942, and 
in July and August of 1945. The 0-group of white basa fed 
to a small extent on the black crappie in July, 1945. 
V/hile the adult population of black crappies in Spirit Lake 
was never large, the young were probably the third most 
abundant small fish in the lake (perch, first; bluegill, 
second) during the months of July and August of an average 
year. The relatively small size attained during their first 
year of life left them vulnerable to a large per cent of the 
- 88 -
piscivorous population of fish. Only a very small number 
of O-group orapplee v/ere recorded from test-seining operations 
after the month of September. 
Bluegill. The O-group of bluegills was the second 
most important item of vertebrate food for the white bass. 
Bluegills constituted 18.4 per cent of the volume of food 
for the O-group of white bass In October, 1942, and 9.9 
per cent of the volume for the 0-age class in 1945. Young 
bluegills xrere ta,ken by adult white bass in eaoh of the tliree 
months studied in 1942, and in July and August of 1945. In 
August of 1942, bluegills occurred in 60.6 per cent of the 
adult white bass stomachs, and constituted 31.8 per cent 
of the volume of food analyzed. They vrere an unimportant 
item in adult vjhite bass food in 1945. Records of test-
seining in 1945 indicates the O-group of bluegills was more 
abundant that year than it vjas in 1942. This may indicate 
a degree of selectivity by the white bass, or the bluegills 
may have exhibited a greater ability to escape than some 
of their more abundant neighbors. This assumes that the 
relative abundance of the young bluegills vjas correctly de­
fined by the test-seining. 
Yellovr perch. The yellow perch was taken more often 
and in greater quantities than any other item of food by 
the adult white bass. There is no record of the O-group of 
white bass feeding on yellow perch, during the present study. 
Considering the normally earlier spawning period of the 
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perch. It Is quite probable that a very large percentage 
of the young-of-the-year perch are excluded from the diet 
of the O-group of white bass on the basis of relative size. 
The adult vjhlte baas, however, fed on perch of the 1945 
year-clase in Ms.roh, 1946 (57.2 p^r cent by volume). The 
yellow perch ;vas judged to be the most abundant species in 
the leJce during 1942, 1945, and 1946. The young-of-the-
year perch were produced in phenomenal numbers. One sweep 
of the 400-foot test-seine in 1945, covering approximately 
1.8 acres, caught 30 bushels of small perch. Adult vihite 
bass fed on yellow perch durihg every month for v/hlch data 
were teOcen except April, 1946. Within broad limitations, 
the v/hlte bass took perch in about the degree that they 
were Judged to be available. Young yellow perch began 
appearing about June 20 of each year and were most abundant 
during the months of July and August. The higher percentage 
of stomachs containing food during the months of June, July, 
and August would seem to indicate that food was more easily 
taken during these months than at other times. As the 
season progressed In 1942 and 1945 the percentage of yellow 
perch in the adult white bass diet remained high. This was 
true despite evidence that the number of young-of-the-year 
perch in late fall was only a small fraction of the July 
population. 
Forage fish 
Brook stickleback. The brook stickleback appeared as 
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leas than one per cent of the adult white basa food taken 
in July of 1945. No other occurrence vjas found. This small 
fish vjas recorded from Hottea Lake in 1942. Hottes Lake 
v;as flowing into Spirit Lake in 1945. 
Freshwater sheepshead. The young-of-the-year sheepe-
head were an important item of adult white bass food in 
September and October of 1942 and in November of 1945 ac­
cording to the food habits study. None v/as taken from the 
white bass stomachs analyzed in 1946, nor were any of the 
0-group sheepshead recorded from test-seining operations 
during that year. The large size of the 0-group of Spirit 
Lake sheepshead (four to five inches, total length) in the 
fall might be expected to exclude them from the diet. No 
other fish attaining this size v;ere talcen in comparable 
numbers. 
Iowa darter. An occurrence of one-tenth of one per 
cent of the volume of food taken by the adults in August, 
1945, was the only appearance of the Iowa darter. 
Johnny darter. The johnny darter was taken more often 
and in greater volume during the three-year period than any 
other Etheostominae or any Gyprlnidae. VJhile this small 
darter never appeared in large numbers (the greatest per­
centage of occurrence v;aa 9.1 in August, 1942), it occurred 
as adult food in eight of the tvrelve months studied. 
Fathead minnow. While the fathead minnow was the most 
preyed upon cyprinid, it nevertheless constituted only a 
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small portion of the adult vdilte bass food. None was identi­
fied from the stomach contents of the 0-group. 
Q-olden shiner. Golden shiners appeared only once 
(September, 1948) as adult food, and not at all as young-of-
the-year white bass food. None of the native cyprinlds was 
Judged to be more abundant than rare in Spirit Lake during 
the period of this study. 
Insects 
Hymenoptera. A trace of Hymenoptera v;as recorded in 
the adult food for September, 194S. 
Diptera. The Diptera, determined largely as Ohlronomidae, 
occurred more often than any insect food taken by adult 
v/hite bass. The chironomlds, ranging in percentage of 
occurrence from 3.2 to 75.0, vxere contained in food from 
stomachs taken during nine of the tv;elve months studied over 
the three-year period. Chironomlds constituted 26.0 per 
cent of the volume of the juvenile white bass food for July, 
1942. They were not taken any other month for which food 
was determined for the young fish. 
Trichoptera. This order appeared only in very small 
quantities in July, August, and October of 1945, and in 
June of 1946. 
Coleoptera. The genus Ooptotomus (Dytiscldae) v/as the 
only determined Coleoptera taken by the white bass. It 
occurred in 13.0 per cent of the adult stomachs examined 
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In November, 1945. 
Odonata. Damsel fly nymphs appeared as less than one 
per cent of the adult food of July, 1945. 
Hemiptera. The two cletermined genera of this order 
were Oorixa (Corlxidae), and Buenoa (Notonectldae). From 
the standpoint of volume, the Hemiptera xvere never an im­
portant item in the adult food, although the percentage of 
occurrence ranged up to 30.3 in August, 1942. In the diet 
of the 0-group of v;hite bass in 1942, on the other hand, 
Corixa constituted 8.7 per cent of the July volume of food, 
and Buenoa was 56.4 per cent of the October volume. No 
insects appeared in the determined diet of the 1945 Juvenile 
xijhite base. 
Ephemeroptera. The Ephemeroptera v;ere the second most 
important insect food taken by adult iiAiite bass. The great­
est numbers xvere taken in July of 1945 and 1946, when the 
per cent of volume was 16.7 and 43.3 respectively. No 
Ephemeroptera were determined from the 0-group food analysis. 
The most common determined genus was Hexagenia. 
Neuroptera. The genus Sialis made its only appearance 
in March and April, 1946. While the percentage of occurrence 
was high for April (47.6), the volume \aixs quite small. The 
amount in March vras only slightly more than a trace. 
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Crustaoeans 
Malaoostraca. The gammarid genus Hyalella. v;lth one 
exception, was the only higher crustacean taken by white 
bass. While Hyalella appeared in the adult food seven out 
of the tv;elve months studied, it was always in small amounts. 
It was more prominent in the diet of the young fish. In 
October, 1942, Hyalella was 11.0 per cent of the volume of 
the 0-group white bass diet, and in July, 1945, it constituted 
13.8 per cent of the volumetric diet. The only other 
malacastracan taken was Cambarus which occurred once in an 
adult stomach in August, 1946. 
Entomostraca. Leptodora kindti was taken in greater 
volume and undoubtedly in greater numbers, by the Spirit 
Lake white bass than any other invertebrate. It x^as ex­
cluded from the adult diet only four of the twelve months 
considered, and it appeared in the Juvenile diet every one 
of the five months studied. Stomachs that contained Leptodora 
v;ere often distended vdth a pure culture of this small euii-
mal. Adult fish tended to feed more heavily on Leptodora 
during the months in which young-of-the-year fish were not 
so abundant. 
Daphnia vrae not fed on heavily by adult wliite bass, 
but the 0-group took it in considerable volume. Daphnia 
appeared as an important item in the adult food only in 
April, 1946. The young fish, however, utilized Daphnia 
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every month considered, and never in a lower percentage of 
occurrence than 8.8. 
In comparison v/ith the other two determined genera, 
CyclopB was a relatively unimportant food item for young 
white bass. It did not appear in the diet of the adults. 
\ihHe PiaiptomuB was not taken by adults, it appeared 
in two of the five months analyzed for Juvenile white bass. 
It occurred in 59.4 per cent of the October Juvenile stomachs 
for 1945. 
Gaetropode 
Two genera of gastropods, Ancylus and Valvata. were 
taken on only one occasion. The white bass shov;ed a definite 
lack of preference for all Mollusca. Adult v;hite bass 
stocked in a pond abounding with snails did not feed on 
them at all according to stomach analyses of those taken. 
Leeches 
Undetermined leeches appeared as adult white bass food 
only twice, and then as only slightly more than a trace. 
Plant material 
Small parts of aquatic plants were mixed vdth adult 
stomach contents not infrequently, taut were considered to 
have been taken incidentally. Bailey and Harrison (1945) 
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list plants as occurring as high as 63 per cent of the time 
but considered it incidental. 
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Table 26 
Food of the 1942, youag-of-the-year white baas from Spirit 
Lake, Iowa, expressed as percentages of frequencies of 
occurrence and as percentages of total vo3.ume of 
food organisms 
Date of collection July October 
Number of stomachs taken 32 44 
Number of stomachs 
containing food 23 44 
Per cent of stomachs 
containing food 71.9 100 
Total volume of food (cc) 2.3 13 .0 
Total length (mm) 
Mean 43.7 106 .0 
Range 39 .0-48.0 88.0-123 .5 
Occurrence Volume Oocurrenoe Volumf 
Fish 4.3 4.3 11.4 18.4 
Pan fish 11.4 18.4 
Lepomis macrochirus 11.4 18.4 
Insects 43.5 34.7 59.1 56.4 
Diptera 30.4 26.0 
Hemiptera 8.7 8.7 59.1 56.4 
Oorixidae 8.7 8.7 
Notonectidae 59.1 56.4 
Orustaceans 78.3 61.0 61.4 25.2 
Malacostraoa 34.1 11.0 
Entomostraca 78.3 61.0 34.1 14.2 
GyoAqp? 13.0 5.2 18.2 4.4 
DatDhnia 43.5 22.5 20.4 4.7 
Diaptomus 8.7 2.6 
Leptodora kindti 47.8 30.7 20.4 5.1 
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Table 27 
Food of the 1945, young-of-the-year white bass from Spirit 
Lakfi, Iowa, expressed as percentages of frequencies of 
occurrence and as percentages of total volume of 
food organ!ems. 
Date of collection July August October 
Number of stomachs 
taken 35 20 35 
Number of stomachs 
containing food 34 20 32 
Per cent of stomachs 
containing food 97 .1 100 91.4 
Total volume of food 
(oc) 1 .4 1 .0 4.0 
Total length (mm) 
Mean 38 .5 60 .5 88.3 
Range 32.0-48 .0 57.0-67 .0 73.0-111.0 
Occur­ Occur- Oocur-
rence Volume rence Volume rencG Volume 
Fish 5.8 8.3 6.2 11.9 
Undetermined 2.9 2.8 3.1 2.0 
Determined S.9 5. 5 3.1 9.9 
Pan fish 2.9 5.  5 3.1 9.9  
POQioxis nisro-
maculatus 2.9 5.5 
LeTDomis macro-
chirus 3.1 9.9 
Crustaceans 100.0 91.7 100.0 100.0 96.9 88.1 
Malacostraca 14.7 13.8 9.4 .5 
Entomostraca 100.0 77.9 100.0 100.0 96.9 87.6 
Undetermined 94.1 73.7 100.0 72.0 93.7 47.5 
Determined 14.7 4.2 35.0 28.0 71.9 40.1 
Cyclops 9.4 1.0 
Daohnia 8.8 2.8 25.0 20.0 31.2 8.7 
Diaiotomus 69.4 13.6 
LeiDtodora kindti 5.9 1.4 20.0 8.0 18.7 16.8 
Table 28 
Food of the 1942, adult* white bass from Spirit Lake, lov/a, expressed as percentages 
of frequencies of occurrence and as percentages of total volume of food organisms. 
Date of collection August September October 
Number of stomachs taken 35 102 57" 
Number of stomachs containing food 33 72 31* 
Per cent of stomachs containing food 94 70. 6 54.4 
Total volume of food (cc) 134 .4 415. 3 96.5 
Total length (inches) 
Mean 7, .2 10. 3 9.0 
Range 6.2-10, .9 6.9. -12. 6 6.8-12.8 
Occurrence Volume Occurrence Volvime Occurrence Volume 
Fish 66.7 56.1 87.5 89.5 93.2 96.6 
Undetermined 21-2 1.4 50.0 16.0 48.4 49.0 
Determined 63.7 54.7 5o. 5 73.5 64.5 47.6 
Game fish 5.6 6.5 
Stizostedion vitreum 4.2 3.9 
Lepibema chrysops 1.4 2.6 
Pan fish 63.7 46.8 37.5 25.7 41.9 21.6 
Pomoxis niero-maculatus 6.1 4.6 
Lepomis macrochiruf? 60.6 31.8 16.7 11.2 29.0 6.4 
Perca flavescens 18.2 10.4 22.2 14.5 16.1 15.2 
Forage fish 18.2 7.9 43.1 41.3 29.0 26.0 
Aolodinotus erunniens 6.1 .7 36.1 32.1 19.3 15.1 
Boleosoma nigrum 9.1 7.1 4.2 1.2 3.2 1.2 
Pimephales promelas 3.0 .1 6.9 4.9 9.7 9.7 
Notemigonus crysoleucas 2.8 3.1 
Insects 54.5 20.1 20.8 4.9 9.7 .2 
Undetermined 15.1 1.3 2.8 tr 
Determined 51.5 18.8 20.8 4.9 
Hy menopt era 2.8 tr 
Dipt era 42.4 18.6 18.1 4.9 3.2 .2 
Table 28 (Continued) 
Date of collection August September October 
Occurrence Volume Occurrence Volump Qceurrence Volume 
Hemiptera 30.3 .1 2.8 tr 6.4 tr 
Corixidae 30.3 .1 2.8 tr 6.4 tr 
Ephemeropt era 1.4 tr 
Crustaceans 42.4 23.8 15.3 5.4 12.9 3.2 
Undetermined 1.4 tr 
Determined 15.3 5.4 
Malaco st raca 3.0 tr 6.9 .1 12.9 .1 
Entomostraca 42.4 23.8 9.7 5.3 9.7 3.1 
Daphnia 9.1 .1 
Leptodora kindti 42.4 23.7 9.7 5.3 9.7 3.1 
Gastropods 2.8 .1 
Plant material 2.8 .1 -
» The I-year fish are included with the mature fish since no significant difference 
could be detected between the feeding trends of the two groups. 
Nine stomachs from early November included. 
* Two stomachs from early November included. 
Table 29 
Food of the 1945, adult lAite bass from Spirit Lake, Iowa, expressed as percentages 
of frequencies of occurrence and as percentages of total volume of food organisms. 
Date of collection July August October November 
Niimber of stomachs talken 83 209 22 59 
Number of stomachs containing 
food 47 118 12 22 
Per cent of stomachs containing 
food OD. D D6 • o 54.5 39.0 
Total volume of food (cc) 45.4 265.7 64.5 103.1 
Total length (inches) 
Mean 14.8 14.9 15.1 14.9 
Range 13.8-17.1 12.0--17.4 13.9--17.5 14.2-•16-1 
Occur­ Occur- Occur- Occur-
rence Volume rence Volume rence Volume rence Volume 
Fish 51.1 56.9 78.0 83.1 75.0 85.6 69.6 93.6 
Undetermined 34.0 34.0 59.3 60.8 41.7 54:. d 43.5 23.1 
Determined 19.2 22.9 31.4 22.3 41.7 31.3 39.1 70.5 
Game fish .8 1.7 
Leoibema chrvsops .8 1.7 
Pan fish 14.9 21.6 28.0 20.0 8.3 24.0 13.0 30.1 
Pomoxis nigro-maculatus 6.4 4.6 6.8 2.6 
Leoomis macrochirus 2.1 .7 1.7 .5 
Perca flavescens 8.5 16.3 20.3 16.9 8.3 24.0 13.0 30.1 
Forage fish 6.4 1.3 4.2 .6 t c n juw » e 7.3 rv*> rj CJL* f 40.4 
Eucalia inconstans 2.1 .4 
Aplodinotus grunniens 16.7 7.3 21.7 40.4 
Poscilichthys exilis .8 .1 
Boleosoma nigrum 4.3 .9 3.4 .5 
Insects 59.6 19.5 56.8 8.7 25.0 .6 17.4 1.5 
Undetermined 8.6 1.2 11.7 .8 
Determined 55.5 18.3 49.1 7.9 25.0 .6 17.4 1.5 
Diptera 6.4 .4 4.2 .1 16.7 tr 
Table 29 (Continued 
Date of collection July August October November 
Occur­ Occur­ Occur­ Occur­
rence Volume rence Volume rence Volume rence Volume 
Trichoptera 4.3 .4 .8 tr 8.3 . 6 
Coleoptera S.5 tr 13.0 1.4 
Undetermined 1.7 tr 
Determined .8 tr 
Dytiseidae . 8 tr 13.0 1.4 
Odonata 6,4 .5 
Hemlptera 5.4 • c> 12.7 .1 t
o
 C
O 
tr 
Undetermined 4.3 • 3 
Determined 2.1 tr 
Corixidae 2.1 tr 12.7 .1 
Notonectidae 8.3 tr 
Ephemeropt era 48.9 16.7 38.1 7.5 4.4 .1 
Crustaceans 27.7 23.1 21.3 8.2 50.0 13.8 21.7 4.9 
Malacostraca 4.5 tr 3.4 .8 
Entomostraca 23.4 23.1 19.5 7.4 50.0 13.8 21.7 4.9 
Undetermined 10.6 1.8 16.1 3.1 8.3 1.2 21.7 4.9 
Determined 14.9 21.3 5.9 4.3 41.7 12.6 
Leptodora iclndti 14.9 21.3 5.9 4.3 41-7 12.6 
Leeches 8.5 .1 
Plant material 5.1 
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Table 3( 
Food of the 1946, adult white bass from ! 
of frequencies of occurrence and as peroi 
Date of collection March April 
Number of stomachs taken 82 34 
Number of stomaohs containing food 25 21 
Per cent of atomache containing food 30.5 61. a 
Total volume of food (cc) 32.0 37. 1 
Total length (inchef?) 
Mean 15.0 14. 8 
Range 14.0--16.3 13.0-17. 3 
Occurrence Volume Occurrence Vol 
Pi ah 56.0 91.6 14.3 4' 
Undetermined 40.0 26.9 9.5 4: 
Detei'mlned 24.0 64.7 4.8 •; 
Pan fish 12.0 57.2 
Peroa flavescens 12.0 57.2 
Forage fish 12.0 7.5 4.8 ( ( 
Boleosoraa nigrum 4.0 4.7 4.8 ( 
Plraophales proraelas 8.0 2.8 
Insects 48.0 .9 52.4 4 
Undetermined 20.0 tr 
Determined 24.0 .9 
Dipt era, 20.0 .3 19.0 
Trlchoptera 
Homiptera 4.0 tr 
Oorixldae 4.0 tr 
Notonectldae 
Ephemeroptera 
Neurop bera 8.0- .6 47.6 < 
Orustaceans 4.0 6.9 38.1 5: 
Malacostraca 19.0 
BIntomostraca 4.0 6.9 38.1 5( 
Undetermined 4.8 
Determined 38.1 5( 
Daphnia 4.0 6.9 33.3 li 
Leptoaora kindti 4.8 3! 
Leeches 
Plant material 20.0 .6 
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Table 30 
basa from Spirit! 
and as peroentagei 
April 
34 
21 
61.8 
Lake, lo'm, expressed as percentages 
of total volume of food orgaaiaras. 
June J Illy August 
33 
32 
.97.0 
54 
35 
64.8 
36 
28 
77.8 
37. 1 143. 1 5.7 52 .8 
14. 8 16. 1 15.1 14 .9 
L3.0-17. 3 14.0»16. 7 13.5-17.0 14.0-16 .3 
jurrenofi Volume Ooourreno^ Voluiae ..ooourrence Volume Ooourrenc e Volume 
14.3 44.0 100.0 90.5 28.6 56.7 17.9 14.4 
9.5 41.3 6,5 1.5 17.1 tr 14.3 8. 2 
4.8 2.17 93. 7 • 97.0 11.5 56.7 3.6 6.2 93.7 97.0 8.6 50.7 3.6 6.2 
93.7 97.0 a.6 SO. 7 , . 3.6 6-8 
4.8 2.7 5.7 6.0 
4.8 2.7 5.7 6.0 
52.4 4.0 40.6 1.5 77,1 4.3.3 75.0 73.1 
3.1 tr 
40 . 6 1.5 
19.0 
.2 C).4 73.0 71. & 
* 
25.0 1.6 
10.7 1.2 
14.3 .4 
*54.4 1.3 77.1 43.3 
47.6 3.8 
38.1 52.0 17.8 12.5 
19.0 1.3 7.1 2.3 
38.1 50.7 10.7 9.7 
4.8 
.1 
38.1 50.6 
33.3 18.3 
4.8 32.3 10.7 9.7 
2.9 tr 
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MANAaEMENT 
Since the vjhite taasa is a relatively fast-grov^ing, 
short-lived fish, in general, it should he harvested quite 
rapidly. During periods of an abundant year-class, such as 
1948 to 1946, In Spirit Lake, hook and line fishing should 
have few reatrictions on either size or number. Weak or 
depleted year-classes should be protected until after the 
spavmlng period follov/ing the end of the third year of life. 
This enables the population to attain its most efficient 
growth, and to pass through at least one spawning season as 
adults before being subjected to fishing pressure. Whenever . 
the numbers are lov;, the season should not be opened until 
after spawning has been completed. 
VJhile the minimum size of a body of vrater that white 
bass will reproduce in has not been established, it appears 
certain that the average size farm pond is too small to 
produce a good crop of these fish. Since neither hatchery 
nor small pond production of this fish has been successful 
00 far, it seems that proven bodies of water offer the only 
source of breeding stock. 
Sandy to rooky shore areas in the vicinity of running 
water probably are the most attractive spawning areas. White 
bass are reported by 0. J. Koch of the Iov;a State Conserva­
tion Commission, to spa>m at times in water up to six to 
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seven feet In depth. This suggests a much smaller degree 
of vulnerability to the effects of ordinary water-level 
fluctuations during spavming, than is experienced by the 
Centrarchidae. 
V/hite bass should not be stocked in xvaters with slov;-
groiving, non-schooling fish v/hich are more desirable in the 
creel. Care should be taken to not stock, for reproduction 
purposes, adult white bass that may be near the end of their 
life span. Probably either two or three year old fish are 
the most desirable age for lov/a v;aters. 
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SUMMARY AND CONCLUSIONS 
1. The study of the Spirit Lake i-rhite baBS vas baaed 
on flBh talcen In 194.1, 1942, 1943, 1945, and 1946. The 
data were obtained from the following number of specimens: 
Body-scale ratio, 1^ 42; length-weight relationship, 1^ 59; 
analyses of stomach contents, 972. 
2. Spirit Lake is a shallow, rich, hard imter, eutrophlc 
lake not exceeding 23 feet In depth except during short 
Intervals. 
4. Spirit Lake and the watershed \vhloh drains Into it 
are both covered by Vflsoonsln drift. 
5. The normal temperature for the Northwest Iowa 
District is 46.6 degrees, while the normal for precipitation 
there is 28.40 Inches. The normal grov;lng season is 148 
days. 
S. Potamosceton riohardsonli and ScirTJUs acutus are the 
dominant deep-water plants. 
7. The fluctuations in the water level elevations, in 
the last 13 years, apparently have not exceeded nine feet. 
8. A combination of silting, and deposition of organic 
material, has leveled the lake bed and decreased the average 
depth in the last 30 years. 
9. An estimate of the relative abundance of the more 
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common Spirit Lake fish xifas made by evaluative Information 
from rough-fish removal operations, glll-nettlng catches, 
test-aelnlng results, hook and line fishing, and a dead fish 
survey. 
10. In general, the young of the pan and game fish 
amounted to a very large percentage of all of the small fish 
in the lake. The young of yellow perch, black crappie, 
blueglll, and black bullhead accounted for almost all of 
the small pan fish. Young-of-the-year white bass were quite 
common in 1942; young largemouth bass were somewhat less 
common in 1945 sjid 1946. The number of small pan fish v;as 
always many times greater than that of the young game fish. 
11. Adults of yellov; perch and black bullhead were 
very abundant for every year considered. 
12. The carp was the most common non-game food fish. 
13. The two species of gar, the shortnose and the long-
nose, were not common. 
' 14. Etheostominae were more numerous than native 
Oyprinidae, but neither were common. 
15. The walleye and the northern pike were the most 
common of the la-rger game fish. 
16. The average spavmlng date for the Spirit Lake white 
bass for 1946 was believed to be sometime during the last 
week in May. The water temperature for this period was 
approximately 60 degrees Fahrenheit. 
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17. Attempts to obtain and fertilize eggs for Incuba­
tion in the fish hatchery met with uniform failure. Mature 
fish in tvio small ponds apparently did not reproduce success­
fully. 
18. The tvhlte bass apparently move entirely around the 
margin of Spirit Lake quite freely. 
19. A return of over 51 per cent of the tagged white 
bass in 1946, via the creel, might Indicate a rather heavy 
drain on the already lovr population. 
20. The body-scale I'elatlonship can be described as 
a regression line having a Y Intercept (length axis) of 
23.89 and a slope of 1.883. 
21. While the females grew fa-ster and larger than the 
males, they did not live as long. 
22. The 1941 year-class dominated the population from 
1942 through 1946. 
23. The average growing season Is estimated at bet-^ 'een 
125 and 150 days. The most rapid grovrths occur in June, 
July, and August. 
24. The average date of annulus completion for the 
1941 year-olass in 1945 was during early August. 
25. There was virtually no growth of the 1941 year-
class in 1946. 
26. While none of the fish was mature at the end of 
their first year, apparently all or almost all of them were 
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adult at the end of three years. A larger number of females 
than males were mature at the end of the second year of life. 
27. The mathematical relationship between the length 
and weight, for all data combined, may be expressed by the 
equation: 
-4 3.206 W = 9.688 X 10 L. 
28. The coefficient of condition increased irregularly 
as the length increased, regardless of sex or age. 
29. The Spirit Lake white bass fed almost entirely 
on fish, insects, and crustaceans. The bluegill and the 
black crappie composed the bulk of the fish food. G-ame fish 
^^rere an unimportant item. Non-game food fish, excluding 
the freshv/ater sheepshead, were not taken. The tyro orders 
of insects taken most often were Diptera and Ephemeroptera. 
Leptodora kindti v;as the most frequently determined crustacean. 
30. The larger white bass tended to feed more on fish, 
while the 0-group fed largely on invertebrates. 
31. There was little or no feeding activity under the 
ice. 
3^ . With the advent of warm weather, the white bass 
remained in deep water during the day but moved inshore at 
twilight. 
33. Abundant year-classes of v/hite bass should be ixar-
vested rapidly v;ith little or no restriction on either the 
size or the number taken. 
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34. During periods of low populations, the season 
should remain closed on Immature fish and adult fish that 
have not spav/ned during the current year. 
35. Fish just reaching matiirity rather than adults 
nearing senility should be used for stocking purposes. 
36. Careful consideration should be given to the pos­
sible effects on more desirable game fish before white bass 
are introduced into a lake or stream. 
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